
SDMS Document ' ^ ^ 

M o r t o n international 68272 

FEDERAL EXPRESS-^ 

February 21, 1990 

Mr. Preston M.Canziusi 
New Jersey Compliance' Branch 
U.S. Environmental Protection Agency 
Region- TI 
Room 747 
26 Federal .Plaza 
New York, New York 10278 

Subject: Response for Thiokol Corporation 
Request .for Information 
RockawaY Borough Wellfield Site 
Morris County, New Jersey 

Dear Mr. Canzius: 

Morton ' •International,. Inc. ("Mil") received the subject 
January 17, 1990 information request, addressed as follows, 
on January 22, 1990: 

Arthur Slesinger, Director 
Erivirbrimental Services 
Morton International 
110 North Wacker Drive 
Chicago, IL 60506 

As reflected- by the enclosed materials, the correct recipient 
of the subject request and any other correspondence is: 

Darryl̂ - J. Lee, Esquire 
Thiokol Corporation 
2475 Washington Boulevard 
Ogden, Utah 84401 

Mil's . Envird'nmerital Affairs Department was requested to 
provide^ ̂ irvicies to Thiokol Corporation ("Thiokol") on an 
interim basis until otherwise directed by Thiokol. s 
Accordi'h~giy, '514 prepared the. attached response on behalf of ^ 
Thiokol. '• • ^ 

o 
to 

Morton Iriterhatioriat'Inc. J10 North Wacker Drive. Chicago. IL 60606-1560 312/807-2000 
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In order to expedite communications regarding this matter, it 
is requested that a copy of any materials submitted to 
Thiokol be transmitted to,: 

Arthur Slesinger,' Director 
Environmental Affairs 
Morton International, Inc. " ' 
ilO North Wacker Drive r,y 
Chicaigo,IL, 60606 

If-you have any questions regarding this res'ponse, please 
telephone me at (312) 807-2158. 

Very truly yours. 

William K. Weddendoi 
Manager, Corporate rtkzardous-Materials: 
Morton Internationally, Inc. 

WKW/vf-

cc: Darryl J. Lee, Esq. - Thiokol Corporation 

Joseph McVeigh •• ' 
• " Office of Regional. Counsel •:̂ ^ .-- ••••• 
' USEPA -Region, II .--i- . • •>• •' "\' 

R o o m '312 •",;... 

Arthur E". Slesinger - Mil t , ".-

-=r/Qi, 

• • ? • ' 

o o 
No 

/-J 

to 



REQUEST FOR INFORMATION 

Obtaining pertinent information within the prescribed 30 day 
time period was difficult as operations in Rockaway Borough 
New Jersey, by a corporate predecessor to the Thiokol Corpo­
ration, were terminated in the normal course of business. 

At this time, no current employees are known to have been 
involved with, or knowledgeable of, the management of wastes 
that might have been generated at the location of interest. 
Pursuant to the USEPA's instructions, we have initiated 
efforts to: (1) locate, retrieve and review additional files 
from long-term storage that might, perhaps, contain relevant 
documents and (2) locate and contact current or former em­
ployees that may be able to provide additional information. 
Accordingly, this sxibmittal will be updated as appropriate. 

If the agency has ready access to'certain information and/or 
documents noted in this submittal, the nature of this infor­
mation and/or documents and their possession are indicated. 
With this exception, copies of all doc\iments (or for the sake 
of brevity, excerpted pages/sections thereof) that relate to 
the questions have been attached. 

The following numbered paragraphs address the correspondingly 
identified specific information requests in the USEPA's 
January 17, 1990 letter. 

The correct legal name of the involved company is 
Thiokol Corporation ("Thiokol"). The response has 
been prepared by Morton International, Inc. 
("Mil"). Refer to paragraphs no. 2, 6 and 16 for 
information concerning operational history at the 
location and the relationship between Mil and 
Thiokol. 

b. The name(s) and address(es) of the President and/or 
Chairman of the Board, or other presiding officers 
of Thiokol are: 

Robert T. Marsh, Chairman of the Board 

U. Edwin Garrison, President 

Thiokol Corporation 
2478 Washington Boulevard 
Ogden, UT 84401 ,̂  

c. Thiokol is incorporated in the state of Delaware ^ 
and its agent for service of process in the state o 
of incorporation and in New Jersey is The Corpora- '̂  
tion Trust Company. ^ 

(Jl 
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d. A copy of Thiokol's "Restated Certificate of Incor­
poration" is attached as Exhibit No. 1. 

As Thiokol is not a subsidiary or affiliate of 
another corporation, it is unnecessary to identify 
those related companies. However, refer to para­
graphs nos. 2 and 16 for supplementary information 
regarding operations that relate to this matter. 

The state of incorporation and agents for service 
of process in the state of incorporation and New 
Jersey for each company identified in paragraphs 
nos. 1(e), 2 and 16 have not yet been identified. 

The basis for the following discussion is information in 
paragraph no. 16. We are currently unable to provide 
all the information requested in Question 1, except for 
the below-noted names in response to Question 1(a): 

o Reaction Motors, Inc. 

o Rockefeller Family and Associates 

o Chase National Bank 

o Olin Corporation 

o US Navy and Air Force 

Mil is collecting the information required by this 
question for these PRPs in order that they may be con­
tacted by the Agency. 

Thiokol's current facilities have numerous permits and 
identification numbers issued pursuant to the Resource 
Conservation and Recovery Act ("RCRA"); the company does 
not have a single USEPA Identification Number. In view 
pf the focus of this response upon Rockaway Borough, a 
detailed recitation of Thiokol's identification numbers 
is not believed to be necessary nor applicable since the 
cessation of activities by Thiokol-related companies 
predated the enactment of RCRA. 

50 
Locations, believed to be leased in Rockaway Borough, ^ 
were occupied by Reaction Motors, Inc. ("RMI") and other "" 
firms. Except for the most recent tenants, as noted in o 
paragraph no. 16, we have no information regarding the ^ 
use of the properties by firms, unrelated to RMI and its 

OJ| 
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successors, before and after the time of occupancy by 
RMI and its successors. 

A sentence at the bottom of the first column of page 4 
of the enclosed paper, "Reaction Motors, Incorporated 
From December 1941 through April 1958" (Exhibit No. 2) 
notes that RMI shifted certain functions to a location 
at Elm and Stickle Streets in Rockaway in 1949. We have 
no current way of verifying the contents of this report 
in order to ascertain its accuracy. 

Comparing the attached copy of a print, entitled "Site 
Plan, Rockaway and Denville Facilities", (Exhibit No. 3) 
against a commonly available county map, shows that 
buildings along Stickel Avenue and Pine Street were in 
the past owned, operated, leased or maintained by 
Thiokol in Rockaway Borough, Morris County, New Jersey. 
This print is supplemented by enclosed "Figure 3-17, 
Location of Thiokol-RMD Facilities" (Exhibit No. 4) 
which was excerpted from a booklet relating to an "In­
ventory of Personal Property Located at Lake Denmark 
Test Site, Rockaway Township, New Jersey Owned by 
Thiokol Corporation". This document has not been in­
cluded in its entirety as it is entirely relates to the 
"Test Area" about 10 miles north of Rockaway Borough. 

We are still searching for all relevant documentation, 
including leases, deeds or other materials which relate 
to such premises. Exhibit No. 5 consists of a lease 
agreement between Thiokol Corporation and Klockner et. 
al. for property bounded by Elm Street and Stickel 
Avenue in the Borough of Rockaway. Exhibit No. 6, from 
the owner's Site Evaluation Submission notes the general 
history of the building which was constructed in 1946. 
Exhibit No. 7, from the same package, presents a sketch 
of the building and shows current tenants. 

Other related enclosed materials are discussed in Para­
graph no. 6. 

5. Mil does not have information that provides the exact 
lot and block numbers of all of RMI and Thiokol's past 
operations in Rockaway Borough, Morris County, New 
Jersey. Exhibit No. 5 indicates that the lease involved 
Lots nos. 37, 38, 39 and 40. Exhibit No. 7, appears to 
indicate that the building occupies Lots Nos. 1 and 6 of 
Block No. 5. 

We "believe that RMI and Thiokol had operations at, some *̂  
or all of, the below-noted locations from 1949 until 
1968. g 

"̂  
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6. Exhibit No. 8, comprised of excerpted sections of re­
ports entitled "Site Plans, Reaction Motors Division, 
Thiokol Chemical Corporation, December 1958" and "Site 
Plans, Reaction Motors Division, Thiokol Chemical Corpo­
ration, 30 June 1959" notes the locations and floor 
plans of the following facilities in Rockaway Borough: 

Building No. 8 

Building No. 10 

Building No. 11 

Building No. 12 

Building No. 13 

Building No. 14 

Beech Street 

Appears to have been used for 
administrative purposes in 
1958. 

Pine Street 

Occupied in 1959 by a catapult 
assembly facility and storage. 

Post Office 

Utilized for a<iministrative 
purposes in 1959. 

Stickle Avenue 

In 1959, housed offices, cafe­
teria and "services". 

Elm Street 

In 1959, housed offices, cafe­
teria and "services". 

(near Elm Street) 

In 1959, occupied by laboratory 
and "services". 

The 1963-6 "Site Plan, Rockaway and Denville Facili­
ties", provides more legible descriptions of some of the 
above-noted past operations of Thiokol in Rockaway 
Borough along Pine Street and Stickle Avenue as follows: 

o Building 10 - "Manufacturing" 

o Building 12 - "Manufacturing" 

o Building 13 - "Manufacturing" 

o Building 14 - "Compressed Air & Power Dis." 

Except as specifically indicated on the attached 1966 
"Equipment Layout" prints for "Thiokol Chemical 

» 
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Corporation, Reaction Motors Division, Denville, New 
Jersey", we are unable to further describe all manufac­
turing, research and development, processing and/or 
handling activities within these locations: 

o "Bullpup 'B' Production Facility, First Floor Plan, 
Building No. 10, Rockaway, N.J." (Exhibit No. 9) 

o "Bullpup 'B' Production Facility, First Floor Plan, 
Building No. 12, Rockaway, New Jersey" (Exhibit No. 
10) 

o "Building No. 13, Rockaway, New Jersey" (Exhibit 
No. 11) 

For your information, enclosed excerpted annual reports 
for 1958, 1959, 1960, 1961, 1962, 1963, 1964, 1965, 
1966, 1967 and 1968 (Exhibit No. 12) identify that rock-
ets/rocKet motors were produced for the US Navy and Air 
Force under the "Bullpup", X-15 high altitude/speed 
research aircraft, and other programs. As an exaunple of 
the location's defense orientation, approximately 40,000 
Bullpup missiles were fabricated. 

We have no known records that will enable us to ascer­
tain, for each type of operation described in the answer 
to this question, the: name(s), and job description(s) 
of the person or persons responsible for the management 
of that particular operation. As such involved per-
son(s) are no longer believed to be employed by the 
company, we are not able provide their last known ad­
dress (es) at this time. I am continuing my efforts in 
this matter, and a response will be provided to the 
agency if appropriate. 

We have yet to locate any information which indicates 
that RMI and/or Thiokol has in the past generated, 
purchased, used and/or handled in any manner 
trichloroethylene ("TCE"), perchloroethylene ("PCE"), 
xylene and/or any other halogenated organic chemicals in 
its operations within Rockaway Borough. 

Thus a response to the following questions cannot be 
provided: 

a. During what years did RMI and Thiokol generate, 
purchase, use and/or handle TCE, PCE, xylene and/or 
other halogenated organic chemicals? w 

o 
b. For what purpose was TCE, PCE, xylene and/or any ^ 

other halogenated organic chemicals generated, o 
purchased, used and/or handled by RMI and Thiokol? '̂  

o\ 
o 
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c. What was the volume of TCE, PCE, xylene and/or any 
other halogenated organic chemicals generated, 
purchased, used and/or handled by RMI and Thiokol 
on an annual basis? 

Refer to Paragraph 16 for additional discussion. 

8. As a result' of the lack of information, we are unable to 
describe all storage and disposal practices employed by 
RMI and Thiokol with respect to all hazardous substanc­
es, hazardous wastes and/or "CERCLA waste materials" 
including, but not limited to, mixtures, solvents and 
degreasers handled in any way in RMI and Thiokol's 
operations in Rockaway Borough from the time operations 
commenced until the present. We cannot include all 
on-site and off-site storage and disposal activities. 

In view of the emphasis of the information request upon 
the use of halogenated organic chemicals, inspection of 
the "Bullpup 'B' Production Facility, First Floor Plan, 
Building No. 12, Rockaway, New Jersey" reveals a loca­
tion for a "degreaser". A similarly noted blueprint was 
reviewed during a January 21, 1988 visit by Mil to the 
building where the degreasing operation was apparently 
located. This blueprint is in the possession of: 

Joseph Klockner 
c/o Dennis Krumholz, Esq. 
Hyland & Perretti 
Headquarters Plaza 
One Speedwell Avenue 
CN 1981 
Morristown, NJ 07960 

The attached copies of photographs (Exhibit No. 13) 
show: (1) the relative sizes of Mr. Klockner and the pit 
where the degreaser was located and (2) the nominal 
amount of debris that has collected upon the concrete 
floor of the pit. 

Refer to Paragraph No. 16 for additional information. 

9. Similarly, we are unable to indicate if RMI and Thiokol 
used lagoons, impoundments and/or storage tanks to 
treat, store and/or dispose of hazardous materials, sj 
hazar(ious waste or "CERCLA waste materials" and the ^ 
following: 

o 
a. The installation date of said unit(s): 5? NO 

b. The use of said unit(s) I s 
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c . Indicate whether hazardous substances, hazardous 
wastes and/or CERCLA waste material were 
stored/disposed in said unit(s), and 

d. The disposition of said unit(s). 

Refer to Paragraph No. 16 for addition discussion. 

10. As noted above, we are unable to provide a copy of any 
documents relating to the generation, purchase, use, 
handling, hauling, and/or disposal of all hazardous 
substances, hazardous wastes and/or "CERCLA waste mate­
rial" identified in response to questions 7, 8,9 and 10 
above. 

11. We currently have no documents nor information relating 
to the date of any releases of hazardous substances, 
hazardous wastes and/or "CERCLA waste material" includ­
ing any TCE, PCE, xylene and/or any other halogenated 
organic chemicals at the RMI and/or Thiokol property. 
We are unable to provide details of the ultimate dispos­
al of contaminated materials. 

12. We currently know of no person other than Mr. Klockner 
(including company, individual, partnership, etc.) 
having knowledge of the facts relating to the generation 
and/or disposal of hazardous substances, hazardous 
wastes and/or "CERCLA waste material" identified in 
response to (questions 7, 8, 9 and 10 above. If this 
situation changes, we will provide the name, address and 
telephone number of involved person(s) that person and 
the basis of our belief that he or she has such knowl­
edge. 

13. We know of no leases, contracts, permits or other writ­
ten agreement relating to the generation, handling, 
transport and/or disposal of all hazardous substances, 
hazardous wastes and/or "CERCLA waste material" at RMI 
and Thiokol's facility in Rockaway Borough, New Jersey. 

14. We are actively seeking any agreements or contracts 
(other than an insurance policy) which may indemnify RMI 
and Thiokol, present owners of shares in the company or w 
past owners of shares in the company, for any liability ^ 
that may result under CERCLA for any release or threat­
ened release of a hazardous substance at the Site. If o 
such agreements or contracts exist, we will provide a ^ 

t-« 
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copy of the agreement or contract or identify any agree­
ment or contract that we are unable to locate or obtain. 

15. We believe that Thiokol has insurance polic(y/ies), 
issued by the AEtna Casualty & Surety Company, Continen­
tal Casualty Company and the International Insurance 
Company that have been in effect which will indemnify 
the company against any liability which it may have 
under CERCLA for any release or threatened release of a 
hazardous substance that may have occurred at the loca­
tion. Cop(y/ies) of the involved polic(y/ies) will be 
provided after they are obtained from counsel. Exhibits 
Nos. 14, 15, and 16 identify the policy numbers and 
years in effect. 

16. Refer to the.above-noted responses which may help EPA to 
identify sources who disposed of hazardous substances, 
hazardous wastes and/or "CERCLA waste material" at the 
Site. 

Supplementary Response to Question No. 2 

The following discussion considers companies that no 
longer exist; for those, we are currently unable to 
provide all the information called for in Question 1, 
including the agent for service of process. As the 
business at the location may have continued during 
several company names, each name is designated below. 

Locations, believed to be leased in Rockaway Borough as 
discussed in paragraph no. 4, were occupied by Reaction 
Motors, Inc. ("RMI") and other firms. Except for the 
most recent tenants, as noted in paragraph no. 7, we 
have no information regarding the use of the properties 
by firms unrelated to RMI. 

From the paper, entitled "Reaction Motors, Incorporated 
From December 1941 through April 1958", RMI was formed 
and incorporated in 1941. With respect to the Agency's 
search for PRPs, it should be noted that: 

o This document states that, due to RMI's financial ^ 
problems in 1947, the US Navy contacted Mr. . ̂  
Laurence S. Rockefeller who apparently arranged, "̂  
through the Chase National Bank and the First 
National Bank of Paterson. New Jersey, an agreement § 
that involved the purchase of notes with warrants t̂  
for subsequent stock purchase. 

LO 
O l 
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The paper clearly states that Rockefeller exercised 
personal control over RMI in that he was instrumen­
tal in the appointment of a member of the 
Rockefeller staff to serve as RMI's Executive Vice 
President and General Manager from 1947 until at 
least 1952. Rockefeller's continuing control over 
RMI is indicated by RMI's 1955 list of Directors in 
which two of the ten members were Rockefeller 
employees. 

o In November 1953, the Mathieson Chemical Corp. 
bought 50% of RMI's outstanding stock and hence a 
controlling interest in the company. In May 1954, 
Olin Industries, Inc. and Mathieson Chemical merged 
into the Olin Mathieson Chemical Corp ("Olin"). 

Olin's control over RMI is indicated by RMI's 1955 
list of Directors in which four of the ten members 
were Olin employees. 

o As noted in paragraph no. 6, RMI's activities were 
those of a defense and aerospace contractor. On 
behalf of Thiokol, we are researching the history 
of the involved contracts with the US Navy and Air 
Force. 

The titles of the personnel involved with RMI notes 
Olin's Aviation Division in 1955 and a Olin's High 
Enerigy Fuels Division in 1958. Thus, Olin has the 
potential for intimate involvement with the day-to-day 
operations of RMI. 

RMI's merger with Thiokol Chemical Corporation occurred 
on April 30, 1958. As noted in the document, this 
action required the approval of RMI's two principal 
stockholders, Laurence Rockefeller and Olin whose Execu­
tive Vice President was Chairman of RMI's Board of 
Directors. RMI became Thiokol's Reaction Motors Divi­
sion. A decrease in liquid-propelled rocket activities 
apparently resulted in the cessation of the Division's 
operations in about 1968. 

In 1973, Thiokol Chemical Corporation changed its name 
to Thiokol Corporation which merged with Morton-Norwich 
Products, Inc. in 1982 to form Morton Thiokol, Inc. 
Effective July 1, 1989, Morton Thiokol, Inc. restruc­
tured itself by changing its name to Thiokol Corporation 2 
and redirected its activities towards defense/aerospace- ^ 
related activities; commercial activities were spun off 
to Morton International, Inc. a newly formed Indiana g 
Corporation. î  

M 
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On the basis of its corporate lineage and current activ­
ities, it is appropriate that Thiokol be contacted by 
the USEPA for information regarding this location. 
However, as part of the restructuring effort. Mil agreed 
to provide the services of its Environmental Affairs 
Department to Thiokol on an xnterim basis. Preparation 
of this information request Js being done under 
Thiokol's authority pursuant to the aforesaid agreement. 

Supplementary Response to Question No. 7 

With respect to the use of other halogenated organic 
chemicals in its operations within Rockaway Borough, the 
attached Site Evaluation Submission (Exhibit No. 17), by 
a current tenant (Multiform Metals Division of Masden 
Industries) at the Elm Street and Stickle Avenue proper­
ty, to the NJDEP's Bureau of Industrial Site Evaluation, 
notes the storage and usage of methylene chloride and 
trichloroethylene. 

The enclosed draft report, entitled "Sampling Plan 
Results, Masden Industries, Multiform Metals Division, 
ECRA Case #85551" (Exhibit No. 18), noted that elevated 
concentrations of volatile organics in the downgradient 
monitoring wells are probably attributable to the "waste 
oil tank" (which was recently removed) and the "catch 
basin/storm sewer line along the northern part of the 
building". We are continuing our review of this volumi­
nous submittal which is in the possession of the Bureau 
of Industrial Site Evaluation of the New Jersey Depart­
ment of Department Protection. 

Supplementary Response to Question No. 8 

With respect to all storage and disposal practices 
employed regarding all hazardous substances, hazardous 
wastes and/or "CERCLA waste materials" including, but 
not limited to, mixtures, solvents and degreasers han­
dled in any way in Rockaway Borough from the time opera­
tions at the location commenced until the present, Mil 
notes that several barrels of fresh chlorinated sol­
vent (s) were observed being stored for use by current 
tenants on January 21, 1988. 

The attached Site Evaluation Submission Response by the '̂  
NJDEP (Exhibit No. 19) notes wastes that were stored by 
a tenant. § 

No 
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Supplementary Response to Question No. 9 

Regarding the use of lagoons, impoundments and/or stor­
age tanks to treat, store and/or dispose of hazardous 
materials, hazardous waste or "CERCLA waste materials", 
during the January 21, 1988 inspection, a large pit, 
filled with dark, oily-appearing materials (presumably 
generated by a current tenant) was observed. 

17. The name, address, telephone number, title and occupa­
tion of the person answering this "Request for Informa­
tion" , who does not have personal knowledge of the 
answers is: 

William K. Weddendorf 
Manager, Corporate Hazardous Materials 
Morton International, Inc. 
110 North Wacker Drive 
Chicago, IL 60606 
(312) 807-2158 

At the present time, no other person assisted in any 
manner, other than to provide clerical services, in 
respon<iing to the "Request for Information": 

* 

o 
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CERTIFICATION OF ANSWERS TO REQUEST FOR INFORMATION 

State of Illinois 

County of Cook 

I certify under penalty of law that I have personally exam­
ined and am familiar with the information submitted in this 
document (response to EPA Request for Information) and all 
documents submitted herewith, and that based on my inquiry of 
those individuals immediately responsible for obtaining the 
information, I believe that the submitted information is 
true, accurate, and complete, and that all documents submit­
ted herewith are complete and authentic unless otherwise 
indicated. I am aware that there are significant penalties 
for submitting false information, including the possibility 
of fine and imprisonment. 

Will 
NAME 

-iam K. 
(print 

Manager, 
Corporate 

TITLE 

m 
j) (P^y 

Weddendorf 
or type) 

Hazardous Materials 
e or type) 

"y^i^koim^^ 
SIGNATURE 

Sworn to before me this •̂ '•- ~̂ day 

of _ ! . . . ,ry-:, , 1990. -r->-

LJJ-^ f-<te< - 2 W/i'^'>/,:,_^n".'&<• i . 

Notary Public g 

o 
My commission expires yy-''-^ -y^'- ô"-/ J^79r NO 
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\ RESTATED CERTIFICATE OF INCORPORATION 
, Of 

THIOKOL CORPORATION 

(Originally incorporated on September 2, 1969 
under the name of Morton-Norwich Products, Inc) 

FIRST: The name of the Corporation is Thiokol Corporation. 

SECOND: The address of the Corporation's registered office in the State of Delaware is 1209 
Orange Street in the City of Wilmington, County of New Castle. The name of the Corporation's 
registered agent at such address is The Corporation Trust Company. 

THIRD: The purpose of the Corporation shall be to engage in any lawful act or activity for which 
corporations may be organized under the General Corporation Law of the State of Delaware. 

FOURTH: The total number of shares of all classes of capital stock which the Corporation shall 
have authority to issue is 225.000.000 of which 25,000,000 shares shall be Preferred Stock of the par 
value of $1.00 per share and 200.000,000 shares shall be Common Stock of the par value of $1.00 per 
share. 

Effective at 9:00 A.M. on the first business day following the date this Restated Certificate of 
Incorporation is filed with the Secretary of State of the State of Delaware, each five (5) shares of 
Common Stock, par value $L00 per share, theretofore issued and then outstanding or held in the 
treasury shall be changed and combined into two (2) shares of validly issued,̂  fully paid and 
nonassessable Common Stock, par value 11.00 per share, of the Corporation. No scrip or fractional 
shares will be issued by reason of this reverse split, and in lieu thereof the Corporation shall pay to 
each stockholder of record at the effective time an amount in cash based upon the average closing 
price of the Common Stock on the New York Stock Exchange for the five trading days beginning the 
date of the effective time, adjusted to reflect the change effected by this Restated Certificate of 
Incorporation and to exclude the distribution to the holders of Common Stock of one share of Morton 
International, Inc., an Indiana corporation, for each share of Common Stock of the Corporation held 
prior to the effective time. 

A. Preferred Stock. In addition to a series of Preferred Stock designated as "Series A Junior 
Participating Preferred Stock," the terms of which are set forth below, the Board of Directors is 
expressly authorized to provide for the issue of all or any shares of the Preferred Stock, in one or more 
series, and to fix for each such series such voting powers, full or Hmited, or no voting powers, and such 
designations, preferences and relative, participating, optional or other special rights and such qualifica­
tions, limitations or restrictions thereof, as shall be stated and expressed in the resolution or resolutions 
adopted by the Board of Directors providing for the issue of such series (a "Preferred Stock 
Designation") and as may be permitted by the General Corporation Law of the State of Delaware. The 
number of authorized shares of Preferred Stock may be increased or decreased (but not below the 
number of shares thereof then outstanding) by the aflBrmative vote of the holders of a majority of the 
voting power of all of the then outstanding shares of the capital stock of the Corporation entitled to 
vote generally in the election of directors (the "Voting Stock"), voting together as a single class, 
without a separate vote ofthe holders ofthe Preferred Stock, or any series thereof, unless a vote of any 
such holders is required pursuant to any Preferred Stock Designation. 

Series A Junior Participating Preferred Stock: 

SECTION 1. Designation and Amotrnt. The shares of such series shall be designated as "Series A ^ 
Junior Participating Preferred Stock" (the "Series A Preferred Stock") and the number of shares 
constituting the Series A Preferred Stock shall be 600,000. Such number of shares may be increased or ^ 
decreased by resolution of the Board of Directors; provided, that no decrease shall reduce the number <̂  

NJ 
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of shares of Series A Preferred Stock to a number less than the number of shares then outstanding plus 
the number of shares reserved for issuance upon the exercise of outstanding options, rights or warrants 
or upon the conversion of any outstanding securities issued by the Corporation convertible into Series 
A Preferi-ed Stock. 

SECTION 2. Dividends and Distributions. 

(A) Subject to the rights ofthe holders of any shares of any series of Preferred Stock (or any 
similar stock) ranking prior and superior to the Series A Preferred Stock with respect to dividends, 
the holders of shares of Series A Preferred Stock, in preference to the holders of Common Stock, 
par value $1.00 per share (the "Common Stock"), of the Corporation, and of any other junior 
stock, shall be entitled to receive, when, as and if declared by the Board of Directors out of funds 
legally available for the purpose, quarterly dividends payable in cash on the second Monday of 
March, June. September and December in each year (each such date being referred to herein as a 
"Quarterly Dividend Payment Date "), commencing on the first Quarterly Dividend Payment Date 
after the first issuance of a share or fraction of a share of Series A Preferred Stock, in an amount 
per share (rounded to the nearest cent) equal to the greater of (a) $1 or (b) subject to the 
provision for adjustment hereinafter set forth, 100 times the aggregate per share amount of all cash 
dividends, and 100 times the aggregate per share amount (payable in kind) of all non-cash 
dividends or other distributions, other than a dividend payable in shares of Common Stock or a 
subdivision of the outstanding shares of Common Stock (by reclassification or otherwise), 
declared on the Common Stock since the immediately preceding Quarterly Dividend Payment 
Date or, with respect to the first Quarterly Dividend Payment Date, since the first issuance of any 
share or fraction of a share of Series A Preferred Stock. In the event the Corporation shall at any 
time declare or pay any dividend on the Common Stock payable in shares of Common Stock, or 
effect a subdivision or combination or consolidation ofthe outstanding shares of Common Stock 
(by reclassification or otherwise than by payment of a dividend in shares of Common Stock) into a 
greater or lesser number of shares of Common Stock, then in each such case the amount to which 
holders of shares of Series A Preferred Stock were entitled immediately prior to such event under 
clause (b) ofthe preceding sentence shall be adjusted by multiplying such amount by a fraction, 
the numerator of which is the number of shares of Common Stock outstanding immediately after 
such event and the denominator of which is the number of shares of Common Stock that were 
outstanding immediately prior to such event. 

(B) The Corporation shall declare a dividend or distribution on the Series A Preferred Stock 
as provided in paragraph (A) of this Section immediately after it declares a dividend or 
distribution on the Common Stock (other than a dividend payable in shares of Common Stock); 
provided that, in the event no dividend or distribution shall have been declared on the Common 
Stock during the period between any Quarterly Dividend Payment Date and the next subsequent 
Quarterly Dividend Payment Date, a dividend of $1 per share on the Series A Preferred Stock shall 
nevertheless be payable on such subsequent Quarterly Dividend Payment Date. 

(C) Dividends shall begin to accrue and be cumulative on outstanding shares of Series A 
Preferred Stock from the Quarterly Dividend Payment Date next preceding the date of issue of 
such shares, unless the date of issue of such shares is prior to the record date for the first Quarterly 

ij I Dividend Payment Date, in which case dividends on such shares shall begin to accrue from the 
" ' date of issue of such shares, or unless the date of issue is a Quarterly Dividend Payment Date or is 

a date after the record date for the determination of holders of shares of Series A Preferred Stock 
entitled to receive a quarterly dividend and before such Quarterly Dividend Payment Date, in 
either of which events such dividends shall begin to accrue and be cumulative from such 
Quarterly Dividend Payment Date. Accrued but unpaid dividends shall not bear interest. 
Dividends paid on the shares of Series A Preferred Stock in an amount less than the total amount 
of such dividends at the time accrued and payable on such shares shall be allocated pro rata on a 
share-by-share basis among all such shares at the time outstanding. The Board of Directors may fix 
a record date for the determination of holders of shares of Series A Preferted Stock entitled to 
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receive payment of a dividend or distribution declared thereon, which record date shall be not 
more than 60 days prior to the date fixed for the payment thereof. 

SECTION 3. Voting Rig/its. The holders of shares of Series A Preferred Stock shall have the 
following voting rights: 

(A) Subject to the provision for adjustment hereinafter set forth, each share of Series A 
Preferred Stock shall entitle the holder thereof to 100 votes on all matters submitted to a vote of 
the stockholders ofthe Corporation. In the event the Corporation shall at any time declare or pay 
any dividend on the Common Stock payable in shares of Common Stock, or effect a subdivision or 
combination or consolidation of the outstanding shares of Common Stock (by reclassification or 
otherwise than by payment of a dividend in shares of Common Stock) into a greater or lesser 
number of shares of Common Stock, then in each such case the number of votes per share to 
which holders of shares of Series A Preferred Stock were entitled immediately prior to such event 
shall be adjusted by multiplying such number by a fraction, the numerator of which is the number 
of shares of Common Stock outstanding immediately after such event and the denominator of 
which is the number of shares of Common Stock that were outstanding immediately prior to such 
event. 

(B) Except as otherwise provided herein, in any other Certificate of Designations creating a 
series of Preferred Stock or any similar stock, or by law, the holders of shares of Series A Preferred 
Stock and the holders of shares of Common Stock and any other capital stock of the Corporation 
having general voting rights shall vote together as one class on all matters submitted to a vote of 
stockholders of the Corporation. 

(C) Except as set forth herein, or as otherwise provided by law, holders of Series A Preferred 
Stock shall have no special voting rights and their consent shall not be required (except to the 
extent they are entitled to vote with holders of Common Stock as set forth herein) for taking any 
corporate action. 

SECTION 4. Certain Restrictions. 

(A) Whenever quarterly dividends or other dividends or distributions payable on the Series 
A Preferred Stock as provided in Section 2 are in arrears, thereafter and until all accrued and 
unpaid dividends and distributions, whether or not declared, on shares of Series A Preferred Stock 
outstanding shall have been paid in full, the Corporation shall not: 

(i) declare or pay dividends, or make any other distributions, on any shares of stock 
ranking junior (either as to dividends or upon liquidation, dissolution or winding up) to the 
Series A Preferred Stock; 

(ii) declare or pay dividends, or make any other distributions, on any shares of stock 
ranking on a parity (either as to dividends or upon liquidation, dissolution or winding up) 
with the Series A Preferred Stock, except dividends paid ratably on the Series A Preferred 
Stock and all such parity stock on which dividends are payable or in arrears in proportion to 
the total amounts to which the holders of all such shares are then entitled; 

(iii) redeem or purchase or otherwise acquire for consideration shares of any stock 
ranking junior (either as to dividends or upon liquidation, dissolution or winding up) to the 
Series A Preferred Stock, provided that the Corporation may at any time redeem, purchase or 
otherwise acquire shares of any such junior stock in exchange for shares of any stock of the 
Corporation ranking junior (either as to dividends or upon dissolution, liquidation or winding 
up) to the Series A Preferred Stock; or 

(iv) redeem or purchase or otherwise acquire for consideration any shares of Series A ^̂  
Preferred Stock, or any shares of stock ranking on a parity with the Series A Preferred Stock, 
except in accordance with a purchase offer made in writing or by publication (as determined o 
by the Board of Directors) to all holders of such shares upon such terms as the Board of o 

NJ 

in-3 
OJ 

o 



I 
jw Directors, after consideration of the respective annual dividend rates and other relative rights 

and preferences of the respective series and classes, shall de te rmine in good faith will result 
in fair and equitable t reatment among the respective series or classes. 

(B) The Corporation shall not permit any subsidiary of the Corporation to purchase or 
otherwise acquire for consideration any shares of stock of the Corporation unless the Corporation 
could, under subparagraph (A) of this Section 4, purchase or otherwise acquire such shares at 
such time and in such manner. 

SECTION 5. Reacquired Shares. Any shares of Series A Preferred Stock purchased or otherwise 
acquired by the Corporation in any manner whatsoever shall be retired and cancelled promptiy after 
the acquisition thereof All such shares shall upon their cancellation become authorized but unissued 
shares of Preferred Stock and may be reissued as part of a new series of Preferred Stock subject to the 
conditions and restrictions on issuance set forth herein, in the Restated Certificate of Incorporation, or 
in any other Certificate of Designations creating a series of Preferred Stock or any similar stock or as 

; otherwise required by law. 

' SECTIOS 6. Liquidation. Dissolution or Winding Up. Upon any liquidation, dissolution or winding 
up of the Corporation, no distribution shall be made (1) to the holders of shares of stock ranking 

' junior (either as to dividends or upon liquidation, dissolution or winding up) to the Series A Preferred 
i Stock unless, prior thereto, the holders of shares of Series A Preferted Stock shall have received $100 
j per share, plus an amount equal to accrued and unpaid dividends and distributions thereon, whether or 

not declared, to the date of such payment, provided that the holders of shares of Series A Preferred 
Stock shall be entitled to receive an aggregate amount per share, subject to the provision for 
adjustment hereinafter set forth, equal to 100 times the aggregate amount to be distributed per share to 

il holders of shares of Common Stock, or (2) to the holders of shares of stock ranking on a parity (ei ther 
it as to dividends or upon liquidation, dissolution or winding up) with the Series A Preferred Stock, 
ll except distributions made ratably on the Series A Prefer ted Stock and all such parity stock in 
• proportion to the total amounts to which the holders of all such shares are entitled upon such 
li liquidation, dissolution or winding up. In the event the Corporation shall at any time declare or pay 

any dividend on the Common Stock payable in shares of Common Stock, or effect a subdivision or 
combination or consolidation of the outstanding shares of Common Stock (by reclassification or 
otherwise than by payment of a dividend in shares of Common Stock) into a greater or lesser number 
of shares of Common Stock, then in each such case the aggregate amount to which holders of shares of 

< Series A Preferred Stock were entitled immediately prior to such event under the proviso in clause (1) 
of the preceding sentence shall be adjusted by multiplying such amount by a fraction the numerator of 
which is the number of shares of Common Stock outstanding immediately after such event and the 
denominator of which is the number of shares of Common Stock that were outstanding immediately 
prior to such event. 

SECTION 7. Consolidation, Merger, etc. In case the Corporat ion shall enter into any consolidation, 
merger, combination or other transaction in which the shares of Common Stock are exchanged for or 
changed into other stock or securities, cash and /o r any o ther property, then in any such case each 
share of Series A Preferted Stock shall at t he same time be similarly exchanged or changed into an 
amount per share, subject to the provision for adjustment hereinafter set forth, equal to 100 times the 
aggregate amount of stock, securities, cash and /o r any other property (payable in kind), as the case 
may be, into which or for which each share of Common Stock is changed or exchanged. In the event 
the Corporation shall at any time declare or pay any dividend on the Common Stock payable in shares 
of Common Stock, or effect a subdivision or combination or consolidation of the outstanding shares of 
Common Stock (by reclassification or otherwise than by payment of a dividend in shares of Common ^ 
Stock) into a greater or lesser number of shares of Common Stock, then iri each such case the amount ^ 
set forth in the preceding sentence with respect to the exchange or change of shares of Series A 
Preferred Stock shall be adjusted by multiplying such amount by a fi^ction, the numerator of which is 
the number of shares of Common Stock outstanding immediately after such event and the denominator NJ 
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of which is the number of shares of Common Stock that were outstanding immediately prior to such 
event. - -

SECTIQN 8. No Redemption. The shares of Series A Preferred Stock shall not be redeemable. 

SECTION 9. Rank The Series .\ Preferred Stock shall rank, with respect to the payment of 
dividends and the distribution of assets, junior to all series of any other class of the Corporation's 
Preferred Stock. 

SECTION 10. Amendment. The Certificate of Incorporation of the Corporation shall not be 
amended in any manner which would materially alter or change the powers, preferences or special 
rights ofthe Series A Preferred Stock so as to affect them adversely without the affirmative vote ofthe 
holders of at least two-thirds ofthe outstanding shares of Series A Preferred Stock, voting together as a 
single class. 

B. Common Stock. Except as otherwise required by law or as otherwise provided in any Preferred 
Stock Designation, the holders ot the Common Stock shall exclusively possess all voting power and 
each share of Common Stock sh.ill have one vote. 

FIFTH; A. Number, election and terms of directors. Subject to the rights of the holders of any 
series of Preferred Stock to elect additional directors under specified circumstances, the number of 
directors shall be fixed from tune to time exclusively by the Board of Directors pursuant to a resolution 
adopted by a majority of thc Whole Board (as defined in Article EIGHTH). Commencing with the 
1989 annual meeting of stockholders of the Corporation, the directors, other than those who may be 
elected by the holders of anv series of Preferred Stock under specified circumstances, shall be divided, 
with respect to the time for which they severally hold office, into three classes, with the term of office 
ofthe first class to expire at the 1990 annual meeting of stockholders, the term of office ofthe second 
class to expire at the 1991 annual meeting of stockholders and the term of office ofthe third class to 
expire at the 1992 annual meeting of stockholders, with each director to hold office until his or her 
successor shall have been duly elected and qualified. At each annual meeting of stockholders, 
commencing with the 1990 annual meeting, (i) directors elected to succeed those directors whose 
terms then expire shall be elected for a term of office to expire at the third succeeding annual meeting 
of stockholders after their election, with each director to hold office until his or her successor shall 
have been duly elected and qualified, and (ii) if authorized by a resolution ofthe Board of Directors. 
directors may be elected to fill ans \acancy on the Board of Directors, regardless of how such vacancy 
shall have been created. 

B. Stockholder nomination of director candidates and introduction of business. Advance notice of 
stockholder nominations for thc election of directors and of business to be brought by stockholders 
before any meeting of the stockholders of the Corporation shall be given in the manner provided in 
the By-Laws of the Corporation. 

C. Newly created directorships and vacancies. Subject to the rights of the holders of any series of 
Preferred Stock, and unless the Board of Directors otherwise determines, newly created directorships 
resulting from any increase in the authorized number of directors or any vacancies of the Board of 
Directors resulting from death, resignation, retirement, disqualification, removal from office or other 
cause shall be filled only by a majority vote ofthe directors then in office, though less than a quorum, 
and directors so chosen shall hold office for a term expiring at the annual meeting of stockholders at 
which the term of office ofthe class to which they have been elected expires and until such director's 
successor shall have been duly elected and qualified. No decrease in the numbers of authorized 
directors constituting the entire Board of Directors shall shorten the term of any incumbent director. 

w 
D. Removal. Subject to the rights of the holders of any series of Preferred Stock, any director, or ^ 

the entire Board of Directors, may be removed from office at any time, but only for cause and only by 
the affirmative vote of the holders of at least 80 percent of the voting power of all of the then o 
outstanding shares of the Voting Stock, voting together as a single class. ^ 
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E. Amendment, repeal or alteration. Notwithstanding any other provisions of this Certificate of 
Incorporation or any provision of law which might otherwise permit a lesser vote or no vote, but in 
addition to any affirmative vote of the holders of any particular class or series of the capital stock 
required by law, this Restated Certificate of Incorporation or any Preferred Stock Designation, the 
affirmative vote of the holders of at least 80 percent of the voting power of all of the then-outstanding 
shares of the Voting Stock, voting together as a single class, shall be required to alter, amend or repeal 
this Article FIFTH. 

SIXTH: In furtherance and not in limitation of the powers conferred by law, the Board of 
Directors is expressly authorized to make, alter, amend and repeal the By-Laws of the Corporation, 
subject to the power ofthe holders ofthe capital stock ofthe Corporation to alter, amend or repeal the 
By-Laws: provided, hotvever. that, with respect to the powers of holders of capital stock to alter, amend 
and repeal By-Laws of the Corporation, notwithstanding any other provision of this Certificate of 
Incorporation or any provision of law which might otherwise permit a lesser vote or no vote, but in 
addition to any affirmative vote ofthe holders of any particular class or series ofthe capital stock ofthe 
Corporation required bv law, this Restated Certificate of Incorporation or any Preferred Stock 
Designation, the affirmati\ e \ ote of the holders of at least 80 percent of the voting power of all of the 
then-outstanding shares ot the \'oting Stock, voting together as a single class, shall be required to (i) 
alter, amend or repeal anv provision ofthe By-Laws, or (ii) alter, amend or repeal any provision of this 
proviso to this Article SLXTH. 

SEVENTH; Subject to tlie riehts ofthe holders of any series of Preferred Stock. (A) any action 
required or permitted to be taken by the stockholders ofthe Corporation must be effected at an annual 
or special meeting o( stockholders of the Corporation and may not be effected by any consent in 
writing by such stockholders and (B) special meetings of stockholders of the Corporation may be 
called only by the Chairman of the Board or by the Board of Directors pursuant to a resolution 
adopted by a majorit> oi the Whole Board. Notwithstanding any other provisions of this Restated 
Certificate of Incorporation or any provision of law which might otherwise permit a lesser vote or no 
vote, but in addition to an> affirmative vote of the holders of any particular class or series of the capital 
stock of the Corporation required by law. this Restated Certificate of Incorporation or any Preferred 
Stock Designation, the affirmative vote ofthe holders of at least 80 percent ofthe voting power of all of 
the then-outstanding shares oi the Voting Stock, voting together as a single class, shall be required to 
alter, amend or repeal this .Article SEVENTH. 

EIGHTH: .\. I i) In addition to any affirmative vote required by law. by this Restated Certificate 
of Incorporation or bv anv Preferred Stock Designation, and except as otherwise expressly provided in 
Section B of this Article EIGHTH: 

(i) any merger or consolidation of the Corporation or any Subsidiary (as hereinafter 
defined) with (a) any Interested Stockholder (as hereinafter defined) or (b) any other corpora­
tion (whether or not itself an Interested Stockholder) which is, or after such merger or 
consolidation would be, ati Affiliate (as hereinafter defined) of an Interested Stockholder; or 

(ii) any sale, lease, exchange, mortgage, pledge, transfer or other disposition (in one 
transaction or a series of transactions) to or with any Interested Stockholder or any Affiliate of any 
Interested Stockholder of any assets ofthe Corporation or any Subsidiary having an aggregate Fair 
Market Value (as hereinafter defined) of $10 million or more: or 

a (iii) the issuance or transfer by the Corporation or any Subsidiary (in one transaction or a 
series of transactions) of any securities of the Corporation or any Subsidiary to any Interested 
Stockholder or any Affiliate of any Interested Stockholder in exchange for cash, securities or other 
property (or a combination thereof) having an aggregate Fair Market Value of $10 million or o 
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(i V) the adoption of any plan or proposal for the liquidation or dissolution of the Corporation 
proposed by or on behalf of any Interested Stockholder or any Affiliate of any Interested 
Stockholde'r; or 

(v) any reclassification of securities (including any reverse stock split), or recapitalization of 
the Corporation, or any merger or consolidation o f the Corporation with any of its Subsidiaries or 
any other transaction (whether or not with or into or otherwise involving any Interested 
Stockholder) which has the effect, directly or indirectly, of increasing the proportionate share of 
the outstanding shares of any class of equity or convertible securities of the Corporation or any 
Subsidiary which is Beneficially Owned (as hereinafter defined) by any Interested Stockholder or 
any Affiliate of any Interested Stockholder; 

shall require the affirmative vote of the holders of at least 80 percent of the voting power of all of the 
then outstanding shares of the Voting Stock, voting together as a single class. Such affirmative vote 
shall be required notwithstanding any other provisions of this Restated Certificate of Incorporation or 
any provision of law or of any agreement with any national securities exchange or otherwise which 
might otherwise permit a lesser vote or no vote. 

f2) The term 'Business Combination" as used in this Article EIGHTH shall mean any 
transaction which is referred to in any one or more of subparagraphs (i) through (v) of 
paragraph (I) of this Section A. 

B. The provisions of Section .\ of this Article EIGHTH shall not be applicable to any particular 
Business Combination, and such Business Combination shall require only such affirmative vote as is 
required by law, any other provision of this Restated Certificate of Incorporation and any Preferred 
Stock Designation, if in the case of a Business Combination that does not involve any cash or other 
consideration being received by the stockholders of the Corporation, solely in their respective 
capacities as stockholders o f the Corporation, the condition specified in the following paragraph (1) is 
met or, in the case of any other Business Combinatiori, the conditions specified in either of the 
following paragraph (1) or paragraph (2) are met: 

(1) The Business Combination shall have been approved by a majority of the Continuing 
Directors ias hereinafter defined); provided however, that this condition shall not be capable of 
satisfaction unless there are at least three Continuing Directors. 

(2) All o f t h e following conditions shall have been met: 

(i) The consideration to be received by holders of shares of a particular class (or series) 
of outstanding capital stock (including Common Stock and other than Excluded Preferred 
Stock (as hereinafter defined)) shall be in cash or in the same form as the Interested 
Stockholder or any of its Affiliates has previously paid for shares of such class (or series) of 
capital stock. If the Interested Stockholder or any of its Affihates have paid for shares of any 
class (or series) of capital stock with varying forms of consideration, the form of considera­
tion to be received per share by holders of shares of such class (or series) of capital stock 
shall be either cash or the form used to acquire the largest number of shares of such class (or 
series) of capital stock previously acquired by the Interested Stockholder. 

(ii) The aggregate amount of (x) the cash and (y) t h e Fair Market Value, as o f t h e date 
(the "Consummation Date ") of the consummation of the Business Combination, of the 
consideration other than cash to be received per share by holders of Common Stock in such 
Business Combination shall be at least equal to the higher of the following (in each case ::d 
appropriately adjusted in the event of any stock dividend, stock split, combination or shares ^̂  
or similar event) ; 

(a) (if applicable) the highest per share price (including any brokerage commis- o 
sions, transfer taxes and soliciting dealers' fees) paid by the Interested Stockholder or "^ 
any of its Affiliates for any shares of Common Stock acquired by them within the two-
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year period immediately prior to the date of the first public announcement of the 
proposal of the Business Combination (the "Announcement Date ") or in any transaction 
in which the Interested Stockholder became an Interested Stockholder, whichever is 
higher, plus interest compounded annually from the first date on which the Interested 
Stockholder became an Interested Stockholder (the "Determination Date ") through the 
Consummation Date at the publicly announced base rate of interest of The First National 
Bank of Chicago (or such other major bank headquartered in the City of Chicago as may 
be selected by the Continuing Directors) from time to time in effect in the City of 
Chicago, kss the aggregate amount of any cash dividends paid, and the Fair Market Value 
of any dividends paid in other than cash, on each share of Common Stock from the 
Determination Date through the Consummation Date in an amount up to but not 
exceeding the amount of interest so payable per share of Common Stock; and 

(b) The Fair .Market Value per share of Common Stock on the Announcement Date 
or the Determination Date, whichever is higher. 

(iii) The aggregate amount of (x) the cash and (y) the Fair Market Value, as of the 
Consummation Date, of the consideration other than cash to be received per share by holders 
of shares of any class (or series), other than Common Stock or Excluded Preferted Stock, of 
outstanding capital stock shall be at least equal to the highest ofthe following (in each case 
appropriately adjusted in the event of any stock dividend, stock split, combination of shares 
or similar event), it being intended that the requirements of this paragraph (2) (iii) shall be 
required to be met with respect to every such class (or series) of outstanding capital stock 
whether or not the Interested Stockholder or any of its Affiliates has previously acquired any 
shares of a particular class (or series) of capital stock: 

(a) (if applicable) the highest per share price (including any brokerage commis­
sions, transfer taxes and soliciting dealers' fees) paid by the Interested Stockholder or 
any of its Affiliates for any shares of such class (or series) of capital stock acquired by 
them within the two-year period immediately prior to the Announcement Date or in any 
transaction in which it became an Interested Stockholder, whichever is higher, plus 
interest compounded annually from the Determination Date through the Consummation 
Date at the publicly announced base rate of interest of The First National Bank of 
Chicago (or such other major bank headquartered in the City of Chicago as may be 
selected by the Continuing Directors) from time to time in effect in the City of Chicago, 
less the aggregate amount of any cash dividends paid, and the Fair Market Value of any 
dividends paid in other than cash, on each share of such class (or series) of capital stock 
from the Determination Date through the Consummation Date in an amount up to but 
not exceeding the amount of interest so payable per share of such class (or series) of 
capital stock; 

(b) the Fair Market Value per share of such class (or series) of capital stock on the 
Announcement Date or on the Determination Date, whichever is higher; and 

(c) the highest preferential amount per share, if any, to which the holders of shares 
of such class (or series) of capital stock would be entitled in the event of any voluntary 
or involuntary liquidation, dissolution or winding up of the Corporation. 

(iv) After such Interested Stockholder has become an Interested Stockholder and prior 
to the consummation of such Business Combination: (a) except as approved by a majority of 
the Continuing Directors, there shall have been no failure to declare and pay at the regular 
date therefor any full quarterly dividends (whether or not cumulative) on any outstanding ^̂  
Preferred Stock: (b) there shall have been (I) no reduction in the annual rate of dividends S 
paid on the Common Stock (except as necessary to reflect any subdivision of the Common 
Stock), except as approved by a majority of the Continuing Directors, and (II) an increase in ^ 
such annual rate of dividends as necessary to reflect any reclassification (including any o 
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reverse stock split), recapitalization, reorganization or any similar transaction which has the 
effect of reducing the number of outstanding shares of the Common Stock, unless the failure 
so to increase such annual rate is approved by a majority of the Continuing Directors; and 
(c) neither such Interested Stockholder nor any of its Affiliates shall have become the 
beneficial owner of any additional shares of Voting Stock except as part of the transaction 
which results in such Interested Stockholder becoming an Interested Stockholder; provided, 
however, that no approval by Continuing Directors shall satisfy the requirements of this 
subparagraph (iv) unless at the time of such approval there are at least three Continuing 
Directors. 

(v) After such Interested Stockholder has become an Interested Stockholder, such 
Interested Stockholder and any of its Affiliates shall not have received the benefit, directly or 
indirectly (except proportionately, solely in such Interested Stockholder's or Affiliates 
capacity as a stockholder of the Corporation), of any loans, advances, guarantees, pledges or 
other financial assistance or any tax credits or other tax advantages provided by the 
Corporation, whether in anticipation of or in connection with such Business Combination or 
otherwise. 

(vi) A proxy or information statement describing the proposed Business Combination 
and complying with the requirements of the Securities Exchange Act of 1934. as amended, 
and the rules and regulations thereunder (or any subsequent provisions replacing such Act. 
rules or regulations) shall be mailed to all stockholders ofthe Corporation at least 30 days 
prior to the consummation of such Business Combination (whether or not such proxy or 
information statement is required to be mailed pursuant to such Act or subsequent 
provisions). 

(vii) Such Interested Stockholder shall have suppHed the Corporation with such infor­
mation as shall have been requested pursuant to Section E of this Article EIGHTH within the 
time period set forth therein. 

C. For the purposes of this Article EIGHTH: 

(1) A "person ' means any individual, limited partnership, general partnership, corporation 
or other firm or entity, 

(2) "Interested Stockholder' means any person (other than the Corporation or any Subsidi­
ary) who or which; 

(i) is the beneficial owner (as hereinafter defined), directly or indirectly, often percent 
or more of the voting power of the outstanding Voting Stock; or 

(ii) is an Affiliate or an Associate ofthe Corporation and at any time within the two-year 
period immediately prior to the date in question was the beneficial owner, directly or 
indirectly, of ten percent or more of the voting power of the then outstanding Voting Stock: 
or 

(iii) is an assignee of or has otherwise succeeded to any shares of Voting Stock which 
were at any time within the two-year period immediately prior to the date in question 
beneficially owned by any Interested Stockholder, if such assignment or succession shall have 
occurred in the course of a transaction or series of transactions not involving a public offering 
within the meaning of the Securities Act of 1933, as amended. 

(3) A person shall be a "beneficial owner" of, or shall "Beneficially Own", any Voting Stock: 

(i) which such person or any of its Affiliates or Associates (as hereinafter defined) 
beneficially owns, directly or indirectly within the meaning of Rule 13d-3 under the Securities 
Exchange Act of 1934, as in effect on May 1, 1989; or 
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(ii) which such person or any of its Affihates or Associates has (a) the right to acquire 
(whether such right is exercisable immediately or only after the passage of time), pursuant to 
any agreement, arrangement or understanding or upon the exercise of conversion rights, 
exchange rights, warrants or options, or otherwise, or (b) the right to vote pursuant to any 
agreement, arrangement or understanding (but neither such person nor any such AffiUate or 
Associate shall be deemed to be the beneficial owner of any shares of Voting Stock solely by 
reason of a revocable proxy granted for a particular meeting of stockholders, pursuant to a 
public solicitation of proxies for such meeting, and with respect to which shares neither such 
person nor any such Affiliate or Associate is otherwise deemed the beneficial owner); or 

(iii) which are beneficially owned, directly or indirectly, within the meaning of 
Rule 13d-3 under the Securities Elxchange Act of 1934, as in effect on May 1, 1989, by any 
other person with which such person or any of its Affiliates or Associates has any agreement, 
arrangement or understanding for the purpose of acquiring, holding, voting (other than solely 
by reason of a revocable proxy as described in subparagraph (ii) of this paragraph (3)) or 
disposing of any shares of Voting Stock; 

provided, hotvever. that in the case of any employee stock ownership or similar plan of the 
Corporation or of any Subsidiary in which the beneficiaries thereof possess the right to vote any 
shares of Voting Stock held by such plan, no such plan nor any trustee with respect thereto (nor 
any Affiliate of such trustee), solely by reason of such capacity of such trustee, shall be deemed, 
for any purposes hereof to beneficially own any shares of Voting Stock held under any such plan. 

(4) For the purposes of determining whether a person is an Interested Stockholder pursuant 
to paragraph (2) of this Section C, the number of shares of Voting Stock deemed to be outstanding 
shall include shares deemed owned through application of paragraph (3) of this Section C but 
shall not include any other unissued shares of Voting Stock which may be issuable pursuant to any 
agreement, arrangement or understanding, or upon exercise of conversion rights, warrants or 
options, or otherwise. 

(5) "Affiliate ' or Associate" shall have the respective meanings ascribed to such terms in 
Rule 12b-2 ofthe General Rules and Regulations under the Securities Exchange Act of 1934, as in 
effect on May 1, 1989, 

(6) "Subsidiary ' means any corporation of which a majority of any class of equity security is 
owned, directly or indirectly, by the Corporation; provided, however, that for the purposes ofthe 
definition of Interested Stockholder set forth in paragraph (2) of this Section C, the term 
"Subsidiary ' shall mean only a corporation of which a majority of each class of equity security is 
owned, directly or indirectly, by the Corporation. 

(7) "Continuing Director " means any member of the Board of Directors of the Corporation 
who is unaffiliated with the Interested Stockholder and was a member ofthe Board prior to the 
time that the Interested Stockholder became an Interested Stockholder, and any director who is 
thereafter chosen to fill any vacancy on the Board of Directors or who is elected and who, in 
either event, is unaffiliated with the Interested Stockholder and in connection with his or her 
initial assumption of office is recommended for appointment or election by a majority of 
Continuing Directors then on the Board. 

(8) "Fair Market Value " means: (i) in the case of stock, the highest closing sale price during 
the 30-day period immediately preceding the date in question of a share of such stock on the 
Composite Tape for New York Stock Exchange-Listed Stocks, or, if such stock is not quoted on the 
Composite Tape, on the New \orK Stock Exchange, or, if such stock is not listed on such ^ 
Exchange, on the principal United States securities exchange registered under the Securities 3 
Exchange Act of 1934 on which such stock is listed, or, if such stock is not listed on any such 
exchange, the highest closing bid quotation with respect to a share of such stock during the 30-day o 
period preceding the date in question on the National Association of Securities Dealers, Inc. ^ 
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Automated Quotations System or any system then in use. or if no such quotations are available, the 
fair market value on the date in question of a share of such stock as determined by the Board in 
accordance, with Section D of this Article EIGHTH: and (ii) in the case of property other than 
cash or stock, the fair market value of such property on the date in question as determined by the 
Board in accordance with Section D of this Article EIGHTH. 

(9) In the event of any Business Combination in which the Corporation survives, the phrase 
"consideration other than cash to be received" as used in paragraphs (2)(ii) and (2) (iii) of 
Section B of this Article EIGHTH shall include the shares of Common Stock and/or the shares of 
any other class (or series) of outstanding capital stock retained by the holders of such shares. 

(10) "Whole Board" means the total number of directors which this Corporation would have 
if there were no vacancies. 

(11) '"Excluded Preferred Stock" means any series of Preferred Stock with respect to which 
the Preferred Stock Designation creating such series expressly provides that the provisions of this 
Article EIGHTH shall not apply, 

D. A majority ofthe Whole Board, but only if a majority ofthe Whole Board shall then consist of 
Continuing Directors or. if a majority of the Whole Board shall not then consist of Continuing 
Directors, a majority ofthe then Continuing Directors, shall have the power and duty to determine, on 
the basis of information known to them after reasonable inquiry, all facts necessary to determine 
compliance with this Article EIGHTH, including, without limitation, (i) whether a person is an 
Interested Stockholder, (ii) the number of shares of Voting Stock beneficially owned by any person, 
(iii) whether a person is an Affiliate or Associate of another, (iv) whether the applicable conditions set 
forth in paragraph (2) of Section B have been met with respect to any Business Combination, (v) the 
Fair Market Value of stock or other property in accordance with paragraph (8) of Section C of this 
Article EIGHTH, and (vi) whether the assets which are the subject of any Business Combination 
referred to in paragraph (1) (ii) of Section A have, or the consideration to be received for the issuance 
or transfer of securities by the Corporation or any Subsidiary in any Business Combination referred to 
in paragraph (l)(iii) of Section A has. an aggregate Fair Market Value of $10 million or more. 

E. A majority of the Whole Board shall have the right to demand, but only if a majority of the 
Whole Board shall then consist of Continuing Directors, or, if a majority ofthe Whole Board shall not 
then consist of Continuing Directors, a majority ofthe then Continuing Directors shall have the right 
to demand, that any person who it is reasonably believed is an Interested Stockholder (or holds of 
record shares of Voting Stock Beneficially Owned by any Interested Stockholder) supply the 
Corporation with complete information as to (i) the record owner(s) of all shares Beneficially Owned 
by such person who it is reasonably believed is an Interested Stockholder, (ii) the number of, and class 
or series of shares Beneficially Owned by such person who it is reasonably believed is an Interested 
Stockholder and held of record by each such record owner and the number(s) of the stock 
certificate(s) evidencing such shares, and (iii) any other factual matter relating to the applicability or 
effect of this Article EIGHTH, as may be reasonably requested of such person, and such person shall 
furnish such information within 10 days after receipt of such demand. 

F. Nothing contained in this Article EIGHTH shall be construed to relieve any Interested 
Stockholder from any fiduciary obligation imposed by law. 

G. Notwithstanding any other provisions of this Restated Certificate of Incorporation or any 
provision of law which might otherwise permit a lesser vote or no vote, but in addition to any 
affirmative vote of the holders of any particular class or series of the Voting Stock required by law, this 
Certificate of Incorporation or any Preferred Stock Designation, the affirmative vote ofthe holders of 
at least 80 percent ofthe voting power of all ofthe then-outstanding shares ofthe Voting Stock, voting 
together as a single class, shall be required to alter, amend or repeal this Article EIGHTH. 

NINTH: A. A director of the Corporation shall not be personally liable to the Corporation or its 
stockholders for monetary damages for breach of fiduciary duty as a director, except for liability (i) for o 
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any breach of the director's duty of loyalty to the Corporation or its stockholders, (ii) for acts or 
omissions not in good faith or which involve intentional misconduct or a knowing violation of law, 
(iii) under Section 174 of the General Corporation Law of the State of Delaware, or (iv) for any 
transaction from which the director derived an improper personal benefit. If the General Corporation 
Law of the State of Delaware is amended to authorize corporate action further eliminating or limiting 
the personal liability of directors, then the liability of a director of the Corporation shall be eliminated 
or hmited to the ftillest extent permitted by the General Corporation Law of the State of Delaware, as 
so amended. Any repeal or modification of this Section A by the stockholders of the Corporation shall 
not adversely affect any right or protection of a director of the Corporation existing at the time of such 
repeal or modification. 

B. (I) Each person who was or is made a party or is threatened to be made a party to or is 
involved in any action, suit, or proceeding, whether civil, criminal, administrative or investigative 
(hereinafter a ""proceeding "), by reason ofthe fact that he or she or a person of whom he or she is 
the legal representative is or was a director, officer or employee of the Corporation or is or was 
serving at the request of the Corporation as a director, officer, employee or agent of another 
corporation or of a partnership, joint venture, trust or other enterprise, including service with 
respect to employee benefit plans, whether the basis of such proceeding is alleged action in an 
official capacity as a director, officer, employee or agent or in any other capacity while serving as a 
director, officer, employee or agent, shall be indemnified and held harmless by the Corporation to 
the fullest extent authorized by the General Corporation Law ofthe State of Delaware as the same 
exists or may hereafter be amended (but, in the case of any such amendment, only to the extent 
that such amendment permits the Corporation to provide broader indemnification rights than said 
law permitted the Corporation to provide prior to such amendment), against all expense, liability 
and loss (including attorneys' fees, judgments, fines, EIRISA excise taxes or penalties and amounts 
paid or to be paid in settlement) reasonably incurred or suffered by such person in connection 
therewith and such indemnification shall continue as to a person who has ceased to be a director, 
officer, employee or agent and shall inure to the benefit of his or her heirs, executors and 
administrators; provided, however, that except as provided in paragraph (2) of this Section B with 
respect to proceedings seeking to enforce rights to indemnification, the Corporation shall 
indemnify any such person seeking indemnification in connection with a proceeding (or part 
thereof) initiated by such person only if such proceeding (or part thereof) was authorized by the 
Board of Directors of the Corporation. The right to indemnification conferred in this Section B 
shall be a contract right and shall include the right to be paid by the Corporation the expenses 
incurted in defending any such proceeding in advance of its final disposition; provided, however, 
that if the General Corporation Law of the State of Delaware requires, the payment of such 
expenses incurred by a director or officer in his or her capacity as a director or officer (and not in 
any other capacity in which service was or is rendered by such person while a director or officer, 
including, without limitation, service to an employee benefit plan) in advance of the final 
disposition of a proceeding, shall be made only upon delivery to the Corporation of an 
undertaking by or on behalf of such director or officer, to repay all amounts so advanced if it shall 
ultimately be determined that such director or officer is not entitled to be indemnified under this 
Section B or otherwise. 

(2) If a claim under paragraph (1) of this Section B is not paid in full by the Corporation 
within thirty days after a written claim has been received by the Corporation, the claimant may at 
any time thereafter bring suit against the Corporation to recover the unpaid amount of the claim 
and, if successful in whole or in part, the claimant shall be entitled to be paid also the expense of 
prosecuting such claim. It shall be a defense to any such action (other than an action brought to 
enforce a claim for expenses incurted in defending any proceeding in advance of its final 
disposition where the required undertaking, if any is required, has been tendered to the 
Corporation) that the claimant has not met the standards of conduct which make it permissible 
under the General Corporation Law of the State of Delaware for the Corporation to indemnify the 
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Corporation, Neither the failure of the Corporation (including its Board of Directors, indepen­
dent legal.counsel or stockholders) to have made a determination prior to the commencement of 
such action that indemnification of the claimant is proper in the circumstances because he or she 
has met the applicable standard of conduct set forth in the General Corporation Law o f t h e State 
of Delaware, nor an actual determination by the Corporation (including its Board of Directors, 
independent legal counsel or stockholders) that the claimant has not met such applicable standard 
of conduct, shall be a defense to the action or create a presumption that the claimant has not met 
the applicable standard of conduct, 

(3) The right to indemnification and the payment of expenses incurred in defending a 
proceeding in advance of its final disposition conferred in this Section B shall not be exclusive of 
any other right which any person may have or hereafter acquire under any statute, provision of 
the certificate of incorporation. Bv-Law. agreement, vote of stockholders or disinterested direc­
tors or otherwise. 

(4) The Corporation may maintain insurance, at its expense, to protect itself and any 
director, officer, employee or aeent ot the Corporation or another corporation, partnership, joint 
venture, trust or other (.'nterprise against any expense, liability or loss, whether or not the 
Corporation would have the power to indemnify such person against such expense, liability or loss 
under the General Corporation Law of the State of Delaware, 

(.5) The Corporation .mav to the extent authorized from time to time by the Board of 
Directors, grant rights to indemnification, and rights to be paid by the Corporation the expenses 
incurred in defending anv proceeding in advance of its final disposition, to any agent of the 
Corporation to the fullest extent of the provisions of this Section B with respect to the 
indemnification and advancement of expenses of directors, officers and employees of the 
Corporation, 

TENTH; In addition to anv other considerations which the Board of Directors may lawfully take 
into account, in determining whether to take or to refrain from taking corporate action on any matter. 
Including proposing any matter to the stockholders of the Corporation, the Board of Directors may 
take into account the long-term as well as short-term interests o f t h e Corporation and its stockholders 
(including the p ;sibility that these interests may be best served by the continued independence of 
the Corporation the interests of creditors, customers, employees and other constituencies of the 
Corporation and its subsidiaries and the effect upon communities in which the Corporation and its 
subsidiaries do business. 

ELEVENTH; In furtherance and not in limitation of the powers conferred by law or in this 
Restated Certificate of Incorporation, the Board of Directors (and any committee of the Board of 
Directors) is expressly authorized, to the extent permitted by law. to take such action or actions as the 
Board or such committee may determine to be reasonably necessary or desirable to (A) encourage any 
person (as defined in Article EIGHTH of this Restated Certificate of Incorporation) to enter into 
negotiations with the Board of Directors and management of the Corporation with respect to any 
transaction which may result in a change in control o f t h e Corporation which is proposed or initiated 
by such person or (B) contest or oppose any such transaction which the Board of Directors or such 
committee determines to be unfair, abusive or otherwise undesirable with respect to the Corporation 
and its business, assets or properties or the stockholders of the Corporation, including, without 
limitation, the adoption of such plans or the issuance of such rights, options, capital stock, notes, 
debentures or other evidences of indebtedness or other securities of the Corporation, which rights, 
options, capital stock, notes, evidences of indebtedness and other securities (i) may be exchangeable 
for or convertible into cash or other securities on such terms and conditions as may be determined by "^ 

the Board or such committee and (ii) may provide for the t rea tment of any holder or class of holders 
thereof designated by the Board of Directors or any such committee in respect of the terms, o 
conditions, provisions and rights of such securities which is different from, and unequal to, the terms, "^ 
conditions, provisions and rights applicable to all other holders thereof. 
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TWELFTH: The Corporation reserves the right to amend, alter, change or repeal any provision 
contained in this Restated Certificate of Incorporation, and any other provisions authorized by the 
laws of the State of Delaware at the time in force may be added or inserted, in the manner now or 
hereafter provided herein or by statute, and all rights, preferences and privileges of whatsoever nature 
conferred upon stockholders, directors or any other persons whomsoever by and pursuant to this 
Restated Certificate of Incorporation in its present form or as amended are granted subject to the 
rights reserved in this Article. 
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Abstract 

The history of a pioneering American 
rocket propulsion enterprise is presented 
from its early beginning as the entrepre-
neural outgrowth of liquid propellant roc­
ket experiments conducted by the American 
Rocket Society in the 1930a to ita even­
tual acquisition by Thiokol in 1958. Among 
the projects covered are the 3000-pound 
thrust liquid oxygen-gasoline assisted 
takeoff unit for the World War II PBM-3C 
flying boat, the 350- and 620-pound thrust 
units for the Gorgon and Lark missiles, the 
four-chamber 6000-pound thrust powerplonti 
for Air Force and Navy experimental aircraft, 
the 8000-pound engine for the MX-774, and 
the 20,000 pound engine for the Viking high-
altitude research rocket. Later projects, 
typified by the XLR-99 engine for the X-15 
extreme altitude experimental airplane aad 
•rocket-on-rotor" experiments, are also 
smmaari zed. 

I. Corporate History 

America's first enterprise devoted to 
the commercialization of the rocket engine 
was created more than 40 years ago ia th* 
small totm of Pompton Plaiai. New Jersey. 
Named, appropriately. Reaction Motors, Zae., 
it come into being less thoa a fortnight 
after the United States entered World War 
12. Its four founders were rocket enthua-
iasts who for years had been iatiaateXy-
connected with tha AaaricoA Rocket Society. 
All were conviacad of tha ailltary aad bus­
iness potential of th* rocket in th* expaad-
ing world conflict. 

Their eathusiasa was belstared by th* 
fact that in 1940, two of their nuaber. H. 
Franklin Pierce and John Shcsta, had re­
ceived a request from an English firm for 
help in the developnent of war rockata. 
Declining the offer, they and their coll­
eagues I<ovell Lawrence, Jr. and Janes H. 

Wyld began, during 1941, to explore ways of 
attracting the U.S. military to the poten­
tial of the liquid propellant rocket engine. 

The four men figured that the best ap­
proach would be to demonstrate to the mil­
itary the 100-pound thrust regeneratively 
cooled rocket motor, which had been devel­
oped and tested by Wyld for several yaikrs. 
The time was appropriate, for American Roc­
ket Society testing had accelerated during 
the suiBser of 1941 at a siT:e turned up by 
Lawrence near Wanaque, New Jersey. There, 
Wyld and his celleques repeatedly fired the 
100-pound unit for up to 40 seconds dur­
ation. 

Heartened by the success of the motor, 
Lawrence got la touch with Dr. George Lewis, 
tbaa director of aeronautical research at 
th* National Advisory Committee for Aero­
nautics (BuAer) in Washington. Soon, in-
t*r*st was aroused as thc agency began study­
ing th* potential of the Wyld engine. 

During this saae period, Lawrence, 
Pl«ree. Shesta and Wyld were meeting to 
consider th* ld*a of forming a company. 
Th* nan* Reaction Motors was put forward 
by wyld, who envisaged It as a kind of Gen­
eral Motors of the rock*t world. 'Th* an­
alogy was not vary cXos*." h* latar admit-
t*d, 'aa w* had scarcely two nickels te rub 
togethsr, and our plant consisted mostly of 
half of th* upp*r floor of John Shasta's 
brothar-ln-law's garag* In North Arlington, 
N.J., which was about aa large as a rather 
spacloua outhousa." ' 

Th* m*n p*ralsted in their aim of obtain­
ing support from BuAer; and, according to 
Wyld, "Within a few weeks G f earlier contact] 
Lawrence had succeeded In wrangling a visit 
Cln Nov*mb*r 1941J fron a U.S. Navy repre-
aantatlve to witness a teat run of the regen­
erative motor—again In a hidden spot in the 
woods near Wanaqu*. It waa a good run, and 

*Historiaa. 
**Consultant: formerly, Eaginwerlng Oivis-
ion. Reaction Motors, Inc., Denville, New 
Jersey, U.S.A. 

Motet This paper is copyright © 1982 by 
th* authora Frank B. Winter and Frederick I. 
Ordway. 
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he departed quite enthusiaBtic.° The Japan­
ese 7 December attack on Pearl Bart>or in 
Uausii occurred shortly aftervard, follot̂ ed 
Qlmoat immediately by RMI's first Navy con­
tract. "Very eoon," continued Wyld, °tfe 
oere inotalled in our otm shop and tî rkxng 
like beavero' on our first experimental aot-
oro for the Navy."^ 

The initial aeeting of the n&a comp­
any 'o incorporotoro tfao held at lOOO hours 
on 16 December 1941 at 150 Broadu&y, in 
HQW York City. They «ere Harry B. Davio; 
Charles N. Caldfr̂ ell, Jr.; and Wilson D. 
Smith. On the came day, the Certificate <9f 
Incorporation of thQ company trao filed vith 
the Secretary of State of Netr Jsrooy ond 
two days later a certified copy «QO recor­
ded in the office of the County Clsrk, Hud-
oon County, Not/ Jersey. At the 16 DQComber 
aeeting, transfers of stock subecriptiono 
took place from Oavio, Caldwell &nd Smi,th 
to H.W. Reaoe, B.D. L̂ irfrence, and Beverly 
Blizard, vho vere thon nominated ao com­
pany directors for the ensuing year. 

At 1300 hours in the afternoon of the 
16th, the juat constituted Board of Direc­
tors met at 32 Broadway in New York. ThQ 
first order of business was for thQ corpor­
ation to receive one liquid propellant roc­
ket engine valued at $5,000 froa Lovell Lat:?-
rence, Jr.; John Shasta; H. Franklin Pierce! 
sad James H. Wyld. Stock transfQrs troro 
then effected, follo^od by tho rQoignotloao 
of Blisord, RoQQQ, and B.D. LawrencQ ond 
their itasbdiats replacement by Lovoll hat}" 
rence, Shesta, Piorce and Wyld. f^o dona, 
o IS-minute rQcess uas taken. Upon roconvon-
Ing, officers ̂ Qro QlactQd and trQaauror 
Shesta was Instruetsd to opon oa account 
in RHZ's nans at tho Prospect Park National 
Bank and thQ North Jersey National Bank of 
Pompton Plains. Finally, tho board auth­
orized president Lat^once to enter into ne­
gotiations with tfa@ U.S. Navy Dapartaont 
*to sell to said department the Liquid Fuel 
Rocket Motor for $5,000.00 and to offer tho 
sarvices (without charge) of the company'o 
engineer [Wyld] to Inotall and laQtr^ct la 
ths use of saasi; coaditionQd, however, that 
ooid Navy Dapartment coBsaioslon thio Cor= 
poration to build a olsailar motos capoblo 
of a thrust reaction of l,OOOOo, Sos tho 
SUB of $20,000.00, dollvory ts ba saSo 
Tfithin five (S) @ontha o£ tho ol^Ma? o2 
tho contract..." 3 

Aeeordls? t@ Shoota. tho ucx^ oo^ 
dotm the follô fin̂  ohllgotlono %@ bo ful° 
filled by Raaetisa S^toro »lthla 180 days: 

1. Dollvor t h o QslQtlaf ^ylS. n a t o s t s 
tho Mavy 

3. DovQlop oad dosonotroto a olallor 
100-lh. (<3S kg . ) thruot sotor opor^ 
atlng oa aviation gaoollno oad 
liquid osyfoa. 

3. Develop a 1,000-lb (<IS3 kg.) thruot 
motor using the same propellanto. 

0. Dtiraonstrat® repeated otarto aad 
throttling of the engino de^m ts 
half thnssfe. •̂  

Thoy got tho t^ld soto? s££ t o t t o 

Havy on schedule and received a welcome 
55,000. -With thio money," recalls Sheota, 
°we purchased a 1-ton truck, rented an old 
building and set up shop in Pompton Lakes, 
N.J. We assigned ourselves nominal oalarie 
and went to work". 5" 

Who were these men? What did they have 
in common? And what brought them together 
to work "like beavers" under marginal con­
ditions on an only slightly understood 
tQchnology? 

Plr@t and foreoraet, they were amateur 
rocket experimenters who had been working 
together since the mid-19308 under the 
auspices of the American tocket Society. 
Each was technically trained and had worked 
on engineering and related projects. And 
the four men shared an entrepreneural 
spirit.^ 

£svell Lawrence, Jr., president, was 
a graduate of Montclair State College in 
Ne» Jersey. Prior to RMI, he had worked 
for 7 years at the International Business 
Hachines Corp. as assistant to the chief 
engineer, Radiotype Division. There, he 
designed and supervised the installation 
o£ automatic radio-writing equipment^for 
th© U.S. Government. Lawrence would "ŝ -̂
main with Reaction Motors until 1951'. 

H. Franklin Pierce served both as vice 
prosident aad head of test engineering. As 
oarly ao 192S, he had become interested in 
rockets and had constructed an engine pro-
polled by alcohol and liquid oxygen. With 
ao built-in igniter, it had to be fired up 
hy a flaalng torch at the end of a long 
otlcki Prior to joining BMl, Pierce serve 
^ y@ars la th@ U.S. Navy ia the machine 
trades and later tsorked in a similar cap­
acity vith M(3& York City's Interborough 
Rapid Transit subway system. Be stayed 
^th RH2 until 1947, when he sold his stock 
aad departed for California to run a citrus 
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Th® positions o£ treasurer and direc­
tor of /reeearch and engineering were oc­
cupied hy John Shesta. h graduate and pos-
gs'aduat© of Columbia University and later 
B civil engineering Instructor there, he 
stDQl̂ aed a@ ehi@f engineer of the % -Fles 
Metea Mng Corp. te join WX. Shestia was 
Q tToll-kaê a designer and- e^erimenter at 
^ @ A@@riean Il9ek@t Soel@ty. Mhaa the 
Gsmat SspnuQsloa thsms hist out of ̂ ork. he 
@Qld ho uag thaakful—°my job »a@ beginning 
ta Interfere with ay real ̂ ork,° e.g., test-
isf reekets »ith h&s MS colleagues. Ro 
later baeaiee aa SHS vice president, a 
ition ha hold »atll 19S2 fhen h@ resigned. 
Sarly ths following year. h@ also left the 
e^paay'e board ef directors.^ 

Jaaes B. t?yld accomplished his under­
graduate and postgraduate work at Princeton 
University. Before joining RMI as secret­
ary and chief research engineer, he was a 
dasign engineer at the Ratsa Instrument Corp. 
His 100-pound thrust, liquid oxygen-oleohol 
reekot motor was. la the inventor's words. 
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"the first American design to apply regen­
erative cooling to all parts of the motor.° 
Wyld died on 3 December 1953 while on sick 
leave from the company. Be waa only 41 
years of age. (He had recently been on 
year-long loan to Oak Ridge, Tennese 
where he investigated the potential of 
nuclear fission to rocket propulsion.) i 

During the ensuing years of growth, 
many other professionals would join the 
m i ranks. On the engineering and scien­
tific sides, among the better known were 
WilliaB P. Hunger, top-flight turbopump 
designer and long-time chief engineer; pro­
ject engineers M.E. "Bud" Parker, Edward 
Neu, Bernard Pearlman, Robertson L. Young-
quist, Albert G. Thatcher, and Barry W.Bur-
de^t, Jr.; William R. Wright, Jr., patents 
engineer; Paul F. Wintemitz, expert in 
physical chemistry and at one time or an<? 
other director or research and of labor-
stories; Robert L. Wehrli, research phys­
icist; and Barry B. Home, chemical en­
gineer and engineering manager. Joseph W. 
>tollek was RMI's top manufacturing expert, 
Warren P. Turner its applications engineer­
ing and contracts head; and Laurence P. 
Heath its government relations coordinator. 
On the financial and administrative side, 
Henry B. Michaels played a key role for 
many years. 

To get their program under way, PSil 'B 
four founders quickly focused attention oa 
meeting the requirements for the 1000-pound 
thrust rocket engine, which was to be em­
ployed by the Navy to assist large, heavily 
laden flying boats during {»nderous takeoff 
runs—jet assisted takeoff or JATO as the 
procedure came to be Icnown. Not very eli­
citing, perhaps; but. as Lawrence later 
pointed out, "we had to hang our hat on 
sonething that would sound practical to 
the greatest doubting Thomas. The «^rd@ 
rocket and missile had to be handled t̂ ith 
great tenderness.* 

Bang their hat, or rather hats. th@y 
did! 

The early RMZ rocket motors ^@re auch 
like the regeneratively cooled unit Myld 
had developed back ia 1938. Tests aad la-° 
provements registered during th* first half 
of 194 2 helped bring thrust ratings up. 
with the Navy-contracted lOOO-pouad lev@l 
being reached by Nevemb«r. A full 3400 
pounds of thrust was attained by May 19^3 
in response to a second Navy contract that 
callad for at least 3000 pounds (seo Part 
IZ). All th* whlla, company personnel 
strength was increasing from the original 
4 la 1941 to nearly 20 as 194S esma to a 
close. 

Expanded responsibilities aad ia° 
creased persoaael put pressure oa office, 
shop and test facilitiea. Conditiona \fasm 
primitive, indeed. Th* North Arlington 
garage space occupied by tha company saae-
ured only 40 by 20 feet and was partition­
ed. One section served for adalnistratloa 
aad draftlag. th* othar as aaehlae Qhe^ 

and laboratory. Looking bdck from the vant­
age point of 10 years, the founders felt 
that 

In view of the company's limited re­
quirements, the plant was efficient. 
When one of the four officer-employ­
ees received the nucleus of on idea, 
he reduced it to a design in the off­
ice drafting room, then donned a set 
of overalls and machined and assem­
bled the unit. When it was complet­
ed, he tested it by pointing the pro­
per end out of the back door and fir­
ing it into the New Jersey country­
side. ? 

That kind of operation sufficed dur­
ing 1942, but by year's end it had become 
clear that some expansion was in order. Con­
sequently, the following January the Infant 
firm ^ved into a three-story frame build­
ing located in Pompton Plains. Owned by a 
Mrs. Mary Dunn, the 11,600 square foot struc­
ture had previously been a silver factory 
(it dated from the late 1800s) and later 
"Sim Silver Circle" night club. It occupied 
a site on Boulevard at Route 23, close to 
the Pompton Plains - Riverdale line. 

Leslie Collins, an early RMI employee, 
recalls that the move into the stucco-ex­
terior structure "...went off very smoothly 
aad all hands were in there pitching. There 
were the President, Vice President, Treasurer, 
Secretary and Foreman [Collins himself ] 
and all ths other employees (three), wiring 
up machines, drilling holes in concrete, 
setting up the engineering depar&nent and 
stock room. By Monday, January 17, 1943, 
the n®» plant %fas all ready to go." ̂ ^ 

Za addition to the old silver factory, 
RfU took advantage of the 3>i acres around 
it to erect three stands. One was used for 
testing liquid propellant rocket motors with 
thrust ratings up to 1500 pounds operating 
oa liquid oxygen oxidizer and both gasoline 
aad alcohol fuels. The second tested multi-
motor units typified by RMI's four-chamber, 
SOOO-r -pound thrust aircraft engines. Aad 
thffi third was employed in resonating-type 
duet engiae tsstlag. The company also main­
tained their original stand at nearby Fraak-
lla Lakes to test motors operating on liquid 
oxygen aad both alcohol aad gasoline at thrust 
ratings up to 3000 pouads. 

Saactlea Motors' location in the tmm 
of ?eaptOB Plalas laevltably led to com­
plaints; after all, rocket motors are not 
ts@t<°fi?®d ia sllfflaee. As one Inquiring 
reporter observed. "From a window of lt@ 
single building one could toss a rock to 
th© Malts of its crowded test area.° 

& p®titien was sooa drawn up by a 
atsiber of irate citizens alleging that 
vibrations aad^ eKplosive detonations were 
causing auch unease aad stress in the area. ^ 
Local c^amltteeman Eonet Petrin is then î  
reported to have stated that "It's pret­
ty @videat that Reactioa iMotors] is ^ 
hurtiag ovx totm, aad the other members of o 
th@ eo^Bittee. spaakiag uaefflclally, NJ 
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agree they ou^t not to be in Q renidential 
area.° A young Riverdale houoewife lament-. 
Qd that "When those tests go off, I'm scar­
ed out of my wlto, the baby cries and the 
house shivers. Reaction ought to go some 
place, far, far away."" 

A week.or @o later, the Newark Even­
ing News reported a protest by the Poquan-
nock Township Committee in which it was 
seated that RMI may go "out of business or 
out to the Pacific." It went on to add 
that Pequannock residents had "prayed for 
the necessary relief" froKi Reaction's oa-
poriaento, which "are damaging the proper­
ties and health of the signers fof a 
written protest to the township J and thoir 
families." It Â ao further reported that 
police chief Salter Sweetman had served 
notice on the company that ito application 
of August 23 to store explosivoo had hson 
denied. (̂ o licence was officially re­
voked by his on October 25.)'^ 

The upshot of all this was a aid-1906 
aovQ to a secluded location at the U.S. 
Naval ABBBunition Supply Depot at I.ako Den­
mark, New Jersey close to l^ver. Tho 
change was particularly advantageous for 
the company's test operations, which could 
now take place at the 2S-Qcre site with / ^ 
acoustic shielding afforted by wooded hills. 

TWO large buildings in the old ordin­
ance battalion area at Lako Denmark housed 
RMI's engine design and model construction 
and production facilltieo. Saaller otree-
tureo served for administration, oocurity. 
ond other supporting services. Tooting 
took place in a r^eote aroa on a aarrc;; 
dirt road between tho Dopot and Bibornia. 
That the company was pleasod with ito acea 
location is attested by in ito ?irot Annu­
al Report: 

the location in a natural °howl° of 
surrounding hills insulated by thouo-
ands of acres of Goverisnent property 
acquired specifically for as^unitlon 
storage and testing providos oao of 
tho best areas on the Saotom ooo-
ls»ard for rocket engine testing, yot 
t̂ ithln easy distance of aa oaplo o@p-
^ly of skill@d labor oad tost fuolo. 
Following th@ move to Lako Oos^ark 
the construction of @»hstantial toot­
ing facilities was startod ea taô y 
property aad today the e^paay o^r-
atso oao ef tho laî goot aad hoot 
oquip^d llqiaid rockot oaf iae toot­
ing faeiliti©0 la tho eatsatry. Ao o 
safeguard fer futtaro testing roqulr 
aonts, tho Oeapany ha@ a^iairod a 
parcel of 237 acres of load juot 
north of tho prooont Navy opsaoorod 
toot orea, '¥ 

^?Qe yoarQ after moving froa ?(spton 
Plains to Lake Ô unaark, fSil shifted ito ad­
ministrative, parsonnel, financo and maa-
ufacturing functions S miles a«ray ts a 
location at Sim aad Stickle Strooto ia 
Ockaway. The move t̂ a@ calebratod sa 
TuQoday, S 8#e@Bb(sr 19^9 ̂ hoa tho rtcya 

or 
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facilitiea uere inspected by a diatlnquioh 
ed group that Included Undersecretary a t 
the Navy Daniel A. Kimball; Rear Admiral 
Lloyd Harrison. BuAer assistant chief of 
design and engineering; Rear Admiral Cal­
vin M. Bolster, BuAer's assistant chief for 
RSD; Commander Itobert C. Truax of the Nav 
Aeronautic Rocket Laboratory; Air Force 
procurement head for the New York region. 
Brigadier General Arthur Thomas; Colonel 
J.W. Sessums, Jr., deputy chief of Reo at 
the Air Force Materiel Command at Wright 
Field; Laurence S. Rockefeller; and many 
others. 

Six years later, on 7 October 1955, 
the company formally dedicated a new and 
expanded plant at Denville consisting of 
three aain structures: one for engineering 
and research, one for administration, and 
one for manufacturing. Utility and plant 
services were housed in separate buildings. 
At the same time. Reaction Motors' test 
facilities at Lake Denmark were modernized 
and expanded. 

Each of these moves reflected further 
company growth. By 194 3, the number of ea-
ployees exceeded 20, then reached 55 in 
1945, 120 In mid-1946, and 473 in 1947. 
This growth put an acute strain on R̂ J fin­
ances: while the cmapany was technic^ly 
prospering, financially it was going down 
hill. After posting a profit of $643 dur­
ing 1942 (its initial full year of opera­
tion) . It earned nothing the next four.^^ 

Ît the end of the first full post-
World War 12 year—1946—the firm's net 
i^rth ^ma minus $100,000. And in aid-
lli<37. It owed creditors some $600,000. 
^ i l ' a probl(2a was simple: too many fixed 
price contracts had become unprofitable 
t7hon develo^ent costs exceeded estimates. 

Fortunately, at this critical time 
Laurence S. Rockefeller came to the rescue. 
After many months of study and negotiation 
t^th RHI officials. Navy officers, and 
banking executives, he agreed to invest 
ia tha company. Charles Watson Newhall. 
Jr.. then of the Rockefeller staff, recall-
m& hos? tho association came about. ̂ ^ 

I t ^as during the If^7 suaraer that 
tJo%7hall first teeaae involved with RHI, 
t̂ hooo officers had recently approached 
Lauronco S. ̂ ekefeller aad the Chase 
£lational Sank through thsir o%m First 
tJatioaal Bank ef Patersoa, New Jersey. 
LQtor, as mX'B plight trarseaed, the Navy 
^atacted ^ekefslier sayiag. in effect, 
that tiC} hav@ a little company out ia Now 
Jorooy that is making important oontrib-
Btioas to Navy and Air Fere© rocket pro-
gr^ao and w@ ara most anxious to keep it 
alivo. i^^ aheut taking another look? ̂ ^ 

°This,° according to Newhall, °was a 
summons which loyal Havy man Laurence 
^uld not ignore. Likewise, it was a 'far 
s»t° not:? field of technical endeavor wlilch 
âii of interest to his new venture capital 
oetivities. In thi® instance, 'profit' was 
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of secondary consideration—helping the de­
fense effort and pursuing o new technical 
field were primary." Newhall ooys he 
n s v e r learned who aade the call, but as­
sumes it was "someone in Admiral .'Savvy' 
Barrison's contract group. °''̂  

Rockefeller put Newhall in charge of 
investigating RMI tO see if on agreoaent 
could be made. Newhall worked closely with 
Lovell Lawrence, Jr., president; Robert 
Lawrence, accounting; and Jack Pethick, 
treasurer. Nswhall discovered that as of 
31 August 1947, there was a working capital 
deficit in excess of $250,000. 

The agreement between Rockefeller and 
RMI was signed 10 days later; and, accord­
ing to Newhall, involved the purchase of 
$200,000 principal amount of S-year, 4-par= 
cent notes with detachable warrants for 
the purchase of coimnon stock. In March of 
1948, this was increased by $100,000. By 
Decsnber of that same year. Reaction Motoro' 
financial condition had Improved to the 
point that the company could increase ito 
line of revolving credit with Chase and the 
Paterson banks from $315,000 to $600,000. 

"As soon as the agreement was signed." 
recalls Newhall, "Laurence asked me to aovo 
out to R.M.I, and 'hold the fort' until 
they selected someone as general manager. 
For the next S weeks, I interviewed numer­
ous candidates sent out by the "Now York 
office"—also showed thea the temporary 
facilities at l,ak@ Denmark. One afternoon, 
Laurance called and said that he and "Mac° 
(J.S. McDonnell of McDonnell Aircraft Cs.) 
%<ould like to come out and seo mo. 'J.S.' 
had been working closely with Lauranco ts 
help him with R.M.I." 

Newhall remembers their settling into 
his small office and announcing that they 
had made their selection of general manager, 
"and it was me. You could have knocked @o 
over with a feather," he added, "sinco I 
didn't know I was under oonsidoration. I 
was pleased because I had becomo vory in-°.„ 
terested ia the company and ito pcoplo." ' ' 

Mith the fresh injectioa ef capital, 
the financial health of Reaction fJotoro 
improved, ^ployment increased. Be» oquip-
ment was installed, aad buoinooo ferocaoto 
became optimistic. "Ia its rolativoly short 
life of s@rvea years." aa RMI report hsaot-
@d. "the coapaay has dt^onetroted ito cap° 
abilities as ene ef the prime oeureoo ef 
liquid rocket po^er plants and aeeoooorioo 
for the Services.° Exampleo of tho csa-
pany's first seven years' achiovcnioato 'ociSQ 
t h a n listed; @o@ Sable 1.^® 

Company growth continued; oad, by 
19S1, 642 employees were on tho roloo. 
Meanwhile, in early 19S0, Raymond ^ . Yeuaf, 
Jr. arrived as vice president ef oagiaoor-
iag following a career of 2€ yoaro at 
Wright Aeronautical Corp. (iacludiag 10 oo 
chief engineer). Ia Oetobor If31. ho ro-
plaeed Lovell Lat^rence. Jr. ao prooidoat. 
Three months latar. Kcmhal l roportod ts tho 

New York Society of Security Analyiats 
that Reaction Motors had earned about $1.25 
a share on 109,000 oonoBon shares in 1951 
and that sales for the year had reached 
some $4.5 Billion (up a million dollars 
froa the previous year). In December 1952, 
he announced as $4 million expansion pro­
gram for the 11-year old fira. 

In late November 1953, slightly more 
than 6 years after the RMI-Rockefeller 
agreement was negotiated, the Mathieson 
Chemical Corp. bought 50 percent of RHI's 
outstanding stock and hence a controlling 
interest in the company. The following 
May, Olin Industries, Inc. and Mathieson 
merged into the Olin Mathieson Chemical 
Corp. The 1955 slate of officers reflect­
ed the changed control of the 14-year old 
RMI (Table 3). 

All the time. Reaction Motors was grow­
ing. At the end of 1954, the work backlog 
reached more than $7.5 million and sales 
climbed to $4.7 million. The next year, 
sales exceeded 1954's backlog, which in 
turn had soared to over $9 million. Sales 
exceeded $16 million in 1956 and almost 
reached $24.5 million in 1957. Between 
1955 and early 1958, the nun\ber of employees 
rooQ from 669 to 1.639. — 

l&̂ I's activities were being closely 
%?atehed by another expanding company, the 
Thiokol Chemical Corp. Founded in 1939 as 
the first coiSBercial producer of synthetic 
rubber in the United States, it had moved 
iato the solid propellant rocket field fol-
Isving World ^ar IZ. Its 1957 sales ap­
proximated $30 million. A merger between 
Thiokol aad Reaction Motors seemed appro­
priate to the directors of both companies 
OS ^:^11 as ts Olin Mathieson and Rockefeller, 
^too between then controlled more than two-
thirdo of the outstanding RMI stock. 

A merger with Reaction Motors was pro­
posed ts Thiokol stockholders at a meeting 
ia Trenton. Hew Jersey on 17 April 1936. 
Thoy ^ero advised that if the merger wore 
ts bocoae effective, "approximately 200,000 
[.oetually 198,OOO] additional shares of cap­
ital otsek ef Thiokol Chsagical Corporation 
t7ill bo issued to the holders of outstand-
ia9 stock of RMI.° (toreover, the approval 
h^ holders ef 56-2/3 percent of Thiokol's 
otstotanding capital stock would bci required 
ts authorise the proposed merger. Thiokol 
oteekholders were informed by president J. 
tJ. Crooby that "All of your Directors join 
BO ia recommending a vote FOR this propo? 
ool.° Thiokol stockliolders were enthus-
iaotie, voting 777,191 shares for the coming 
Borgor oad a amxei 3,SS4 against.'^'' 

Tha caorger plan dc^iaated the regular 
sssQting of Reaction Motors' board of direc-
toro hold in ^ o m 5600, 30 l^ckefeller 
Plasa in New York City the morning of 24 
Jaauary 1938. la atteadance were directors 
William Co Foster, Myron B. Gordon. Baas 
Ao Rlogsbruaa. Randolph B. Marstsa. Benry 
B!. fliehaolo, Jr., Barzy A. Sosnoski. Barper 
(?eodt7ard. aad Raysond ^ . Youag. Also pre-
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aent were Joseph W. Antonldeo, vice presir 
dent and executive assistant to president 
Young; Alexander L. Keyes, secretary and 
counsel; and Stuart N. Scott of the fira 
Root Ballentine, Harlan, Bushby and Palmer. 

two documents were distributed at the 
meeting dated 24 January: (1) form of the 
agreement between Thiokol and BKZ, and (2) 
form of letter agreonent between Thiokol 
and RMI's two principal stockholders, Olin 
Mathieson and Laurence S. Rockefeller. It 
was unanimously resolved: 

that the proposed Agrecnent, dated 
January 24, 1958, between Thiokol 
Chemical Corporation aad this Com­
pany, in the form suimitted te this 
meeting, be and the same hereby is 
approved, and that the proper offi­
cers of this Company be and they here­
by are authorized and directed to es» 
ecute and deliver such Agreement ts 
Thiokol Chemical Corporation, ia the 
name and on behalf of tha Company. 

William C. Foster, chairman of RMI's 
board of directors and executive vice pres­
ident of Olin Mathieson, announced the over­
whelming Reaction Motors,' stockholder res­
ponse: 203.802 shares for the merger with 
Thiokol, 1,415 shares opposed. The two 
companies ware officially merged at mid­
night, 30 April 1958. with RMI )3*coaing 
th* Reaction Meters Division of the Thiokol 
Chemical Corp. Th* final phase of Reaction 
-Hstors' history was about to begia.^^ 

la the followiag thr** s*ctioa8, we 
d*seribe some of ths priacipal projects oa 
which Reaction Motors %forksd from th* tiae 
of its formation in Oacember 1941 ts its 
demise as a corporate entity. Part IZ 
treats auxiliary and priacipal power fsr 
aircraft, the area of original RMZ fseus 
and the one that set the company on its 
path towards fame and at least modest for­
tune. Test and sounding rocket activitisa 
occupy Part III, aad the miscellaneous ap­
plications of rocket power Part ZV. Sine* 
this is an historical pap«r, tr* de ast al­
ways attempt to convert thrust measuremants 
into their a*trie°*quival«ats. 

IZ. AUXILZARX AND PRZNCZPAI, PCNES FOR 
ASKCRATT 

steam engine was not sufficient to propel 
the model alone.^ 

B.H. Bales of Aahcroft, British Qol-
uabla, Canada, took out U.S. Patent No. M ^ 
1,003,411 on 19 September 1911 for a 'Pyr^V 
technical Auxiliary Propelling Mechanima,^^^ 
perhaps the world's first JATO patent In 
which large skyrockets were attached to an 
aircraft. Other patents followed, such ss 
one by A. X,epinte on 19 February 1924 (Bri­
tish Patent No. 229,670) for rockets attach­
ed between biplane aircraft struts for either 
retarding the descent of the machine or, 
vh*n needed, accelerating it. In Russia, 
V.z. oudakov and V.A. Xonstantinov took out 
thair own patent on 8 October 1928 for tha 
'Construction of Rocket Engines for Pow<ered 
Aircraft Flight," which in essence was also 
a JATO.-^y 

These gsntlemen may or may not hav* 
known of possibly the first bonafide, full-
scale successful JATO flight made 8 August 
th* following year when a Bremen Type Jun­
kers W33 land plane fitted with floats took 
off from the Elbe River, near Dessau, Ger­
many, using six powder rockets ignited rap­
idly in pairs. Although Junkers was con­
vinced that it would one day be possibl* 
to us* rocket-assist te lift the theiwTarge 
load of 5000 kg,follow-up experiments' did 
aot eera* uatil much lat*r. Ia any cas*. 
OodaJcov aad Koastaatinev iasnediately osa-
tiau*d thair ova rsssarches for th* Seviat 
Axoy-suppsrtad Gas Dynamics Laboratory. 
They aad* their own 8elid:-fuel flights b*-
ginalag ia 1931. first with a u-l light 
aircraft aad later with T8-1 bomb«rs. 
Mora importantly, th*y iaitiated liquid-
£ia*l JATOs, a faet that was probably qoita' 
isaJcBown satsid* the USSR. 

Probably tos, th* s*nsationalis«d 
reekat-assistad glider flights financed or 
flown ia 1928-1929 by th* colorful G^raaa 
aatoasbil* aanufacturar, Fritz von Op*l, 
el*arly *stabli8h*d th* feasibility ef both 
par* recket aircraft aad rocket assistad 
tak*-sff e-vwi if Oudakov, Konstaatiasv aad 
th* early JAXO pioa**rs rsaainad tstally 
obseor*. By the aid-1930s. th* ailltary 
••rric** sf several aatisas war* uad*rtak-
ia9 JATO d«v*lopa*Bt in *am*st. B*aid*a 
U M 0S8II, tta*s* OBuatri*s w*re G*znaay, th* 
Obitad Statas, Japan, Gr*at Britain, aad 
PolanA. '*" 

JATO D*v«lspa*af 

Siaee RMZ iaitiated its busiaass w l ^ 
th* devclopaeat of JATO (jat-assistad 
take-off) units, it is useful ts sketch 
briafly the backgrouad of this iapsrtaat 
application of th* rockat aad how tha coa­
paay fit into that baekgreaad. 

The id*a of th* rocket as aa auxiliary 
pewcrplant for airplanes certainly did not 
originate with RMZ aad was hardly a now 
concept. In faet. JATOs trac* back ts th* 
1880s whaa an Eaglishaan T.J. Baanatt at-
taeh*d 9uapowd*r rsek*t8 ts a 30-pouad 
st*aa-prspell*d aod*l airplane as ita 

U.S. d*ivelopB*ats ar* of partiealar 
eoaeazB la this papar aad are thus briefly 
eeasidsrad. Th* *arli*st Aaaricaa ressareh-
•• with JATOs ware startad by th* O.S« Axay 
Aix Corps ia 1938 as aa outgrowth of th* 
famous GAI£ZT (Cuggftnhsia A*ronautieal Lab­
oratory ef th* California Znstitut* of T*eh-
aology) as diseussad at laagth in aarliar 
ZAF papars by th* lat* or. Frank J. Malina. 
Frms (SALCIT esa* the fomation of th* A*ro-
j*t Eagin**rin9 Corp. ia 1942, which was 
ereatad ehiafly for th* purpos* of aaau-
faeturiag JATOs eonnsreially. Th* J«t Pro-
polsioa Laboratory, •stablished ia 1944 as 
aa outgrowth of GALCZT, siailarly undartook-
JATO d*«*lopB*at.' 
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Lou Arata. one of the first to be hirod 
by Reaction Motors and an expert shopman, 
contends that while his company started out 
in the JATO business (as did Aerojet), it 
was always interested in multiple applica­
tions of rocket power. 

Whatever the project, RMI's principal 
supporter and customer was the U.S. Navy. 
As Been in Part I, its Bureau of Aeronautics 
was solicited early in the potential devel­
opnent of James Wyld's regeneratively cool­
ed rocket engine. Subsequently, late in 
1941, Lt. C. Fink Fischer of the Bureau in­
formed RMI's four founders of the Navy's 
prime interest in rockets at the time—tho 
assisted take-off of heavily loaded sea­
planes. Fischer became IŜ I's contracting 
officer for tha Navy. 

The Navy soon came to support not ono 
but five liquid-fuel JATO projects oimul-
taneously. These were Reaction Motors; 
Aerojet and GMJCZT (later, JPL); a group 
headed by Dr. Robert B. Goddard, inventor 
of the liquid-fuel rocket; and the Havy'o 
own research team headed by Lt. Cossnandor 
Robert C. Truax. Truax, who like Wyld had 
his original rocket engines tested on tha 
ARS' Proving Stand No. 2 in 193S, began hio 
own Navy JATO trark late in 1941. Goddard 
signed his joint Navy and Army Air Forceo 
contracts about the same tiae, but moved 
his personnel and equipment to the Naval 
Engineering Experiment Station at Annapolio. 
Maryland, ia July 1942.'̂ '' 

It is a curious fact that threo of 
the Navy's simultaneous JATO dovolopaant 
programs were partly conducted at tho oaso 
location—Annapolis. There RMI wao ao-= 
signed a small building at Annapolio ia 
late November 1943. As Truax relatoo, not 
only did the pressure of the Pacific war 
dictate the immediate need for JATOo but 
the Navy also "wanted to try ao many dif­
ferent parameters and designs ao poooiblo 
for the greatest chance of success." Thio 
is confirmed by Lou Arata, who adds that 
rocketry was then a wide opon fiold v i t h 
so msuiy variables that needed proving out 
"even more groups or experiaoatoro tjould 
have been welcome." Ia faet. all throo An­
napolis groups offered differont approaehoo; 
but tne competing rock@teo?o wore alwayo 
friendly and almost invariably woro help­
ful to each othor. 

toddard not@d ia hio ̂ asy for IS 
Septisiiber If42: "Weat with Lt. £ G . FiakJ 
and Mrs. Fisehar ts Het? Jorooy, aad oaa 
the Reactioa ftotors setup. Sad diaaor ^th 
them and L@wrene© and Shesta...° Arata ro-
members occasional visits froa Goddard oad 
Truax and that tha former loaaod a pv^p to 
m a . Unfortunatsly, it @ao dofoctl^o oad 
leaked: Goddard*0 papers rofloet a con­
tinued close association with RE4Z aad 
Truax throughout his (Goddard'o) Aaaapolio 
years, up to his death in 1903. Oa ono or 
t^o occasions, Lawrence suggestod a witrgor 
t^th Goddard, but without roeultOo^<^ 

The principlQ difference in approach 
to Navy JATOs was the choice of propellants. 
Goddard had been a liquid oxygen and gaso­
line aan ever since he started with liquids 
back i n 1920. Truax, who had independently 
developed his own regeneratively cooled roc­
ket engine in the late 19308, began with 
compressed air and gasoline. In tests with 
gasoline and liquid oxygen, he initially en­
countered ignition and combustion problems; 
but, by 1942, a solution was found. One 
of his assistants. Ensign Ray C. Stiff, 
aade the lucky discovery of an entirely new 
oKabination, nitric acid and aniline. They 
wcsrs perfect hypergolic propellants; th@ 
tffo ingredients ignited spontaneously, 
thereby obviating the need for an artificial 
moans of ignition, and eaabustion was smooth. 
Another benefit hypergolics offered the ail­
ltary was that super cold liquid oxygen or 
other cryogenics did not have to be used. 
This greatly simplified engine preparation 
and storage. In iztodem parlance, the pro-
pollants were "storable" or "packaged" in 
that they could be kept at room temperature. 
Such hypergolics as nitric acid and aniline 
could also deliver greater total impulse 
bocauoe of their greater density. Despite 
tho extreme corrosiveness of the acid, Tru-
os comfortably made the shift and was short­
ly follo%^d by Aerojet and Goddard, .though 
Goddard still objected to both its corrosive 
tondoncies and toxicity. 

nitric acid ao an oxidizer is alleged 
to have bttoa tried as early as 1930 by 
Friodrieh Sander in Germany. In 1932-33 
tho American Barry Bull tested nitric aeid 
aad turpentine, a mixture found not ts bo 
particularly ^ooth (the acid reacts well 
^th only certain hydrocarbons), The Ger-
oaao secretly begaa ts develop their o ŝn 
hypergolic mixtures froa the late 1930s, 
culminating ia projects like the wasserfall 
oad Taifua missiles by the middle of World 
C?ar ZZ. At Reaction Motors, this form of 
propellant was net investigated until the 
aid-19408, when it was employed in the Navy's 
Gorgon ZZ-A aad Lark programs (see Part III) f̂  

Th© original Project ££S-3401 Navy BuAer-
Slaaction Motors contract sealed, ia early 1942 
stipulated that th® company deliver tho 
Qzsiating t^ld regeneratively cooled liquid 
o:!ygoa-aleohol ^tor. A similar 100-po\aid 
thrust motor burning liquid oxygen and gaso-
liao VQB also ts b@ demonstrated. Th@ pri-
Gmsy roquirsaeat was to develop a lOOO-pouad 
thrust motor fueled by the same propellants 
iisi& thoa ts deamnstrate repeated starts. We 
roeall from Part Z that these tasks had to be 
^saplotod tdthin ISO days (ia light of tho 
ooriouo ^ a s situatioa). 

ISeaetion tutors' founders felt it bsimt 
fiat to deviate froa the basic gasoline-liq­
uid oxygen combination. But the ̂ yld engine 
^as only designed for th® cooler burning 
liquid oxygen and alcohol. According to 
Shesta, °A replica of the original ffyld mo­
tor quickly burned out when tested with gas-
ellno. This would never do. A complete re-
dsoi^n ^as noeosaary.° Asong other things. 
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the machined aluminum bar nozzle was sub­
stituted by a copper one. The ^tor, 
known to RMI as the Wyld Rageneratively-
Cooled Rocket Motor Serial No. 2 and to 
Wyld himself as the MlS-G-1. worked success­
fully on the'new fuel. It is now on exhibit, 
along with the original Wyld engine, in the 
National Air and Space Museum in Washington, 
D.C. 

From this unit evolved other small ex­
perimental engine 9^which were tested on the 
American Rocket Society's Test Stand No.S 
(also on exhibit in the Museum). As the 
portable stand was largely designed by 
Shesta and fabricated in Pierce's basement 
shop, it was easily "borrowed" froa the 
Society whose own rocket experimental 
activities had ceased after the bombing of 
Pearl Harbor. This test stand could static-
fire rockets up to 200 pounds thrust.-^^ 

RMI's first permanent stand, anchored 
to a concrete slab at Franklin Lakes, had 
an initial capacity of over 1000 pounds 
thrust. An adjacent blockhouse, which 
still exists and is an official historic 
monument of the State of New Jersey, was 
built about 12 feet (3.7 m) away from the 
stand. A surviving hand-written RMI log 
book (whose notations began on 20 March 
1943), coupled with Lou Arata's recollec­
tions, indicate that Wyld had much to do 
with designing and impsoving th© ESII stand, 
which featured a moveable security shelter 
that was rolled right over the stand whon 
it was not in us®. 

The Wyld Serial No. 2 engine [BA& SOV-
eral smaller test motors) proved that gaso­
line and liquid oxygen could adequately 
^soxk in a regenerative system. This motor 
was run about 50 times froa a few seconds 
to over 60 seconds. Even before this part 
of the Navy contract was fulfilled, pro­
gress was made with tha 1000 pound thrust 
motor. Because of its much larger oise, 
far greater heat was expected. Coasequeat-
ly, stainless steel was chosen for th@ 
nozzle rather than aluminum or copper. 
Drawing froa his past experience with this 
material, Shesta designed a set ef punches 
and dies. With these, plus a secoad-haad 
hydraulic press located by Lawr®ae@, °v@ry 
satisfactory aosslas" were fosa@d. 

Lawrence was also responsible for do° 
veloping remotely-oontroUed throttliag 
valves operated by rasall electric motors : 
aad gearwork. ^ I d aad Lawreae@ appliisd 
for U.S. Pateat No. 2,479,8eS oa § July 
1943 for their throttliag system; a patsat 
entitled "Controlling System for Rsaction 
Motors," was not granted until 23 August 
1949. •?/ 

Spark plug or squib igniters were of- < 
tea troublesome. In one test, the spark 
plug porcelain broke causing a spray of ox­
ygen to escape fzoa th* hole. Ignition de­
lays, improper pre-aixing of th® propellants 
or non-ignitions ware typical. But ia 
esse, the 1006 pound engine worked satis­

factorily and was delivered to the Navy on 
schedule. (The original engine, according 
to one story, blew up not long before the 
qualification test was made. A replace­
ment was then built in record tiae.) 

As it turned out, Arata was to solve 
the hit or miss igniter problem himself. 
By the tiae the 1000 pound motor was finish­
ed, as related in one early RHI promotional 
pamphlet, ten different types of motors had 
been produced ranging from 50 to more than 
1000 pounds thrust. Arata says this aay 
have only applied to functioning motors, for 
several test blanks were also made. The 
National Air and Space Museum has two of 
these early JATOs on exhibit, an M17G unit 
(1942) of 1300 pounds thrust and an M19G mo­
tor of 3000 pounds thrust.'^ 

Soon after the delivery of the 2000 
pound unit, the Navy decided that much lar­
ger ones were feasible. RMI's second Navy 
contract thus called for a 3000 pound motor 
meant for installation in a FBM-3C patrol 
bomber and test flown in accordance with de­
tailed specifications. Shesta made an in­
teresting innovation in the new engine. Be 
fitted a multi-hole (4 0 or more) oxygen in­
jector into the head plate. These hoQkS 
were aligned, concentrically with holes* in 
the lower plate that fed the gasoline. 
"These nozzles," he reports, "protruded 
slightly past th@ lower plate, the annular. 
space providing s clearance for a thin film 
of gasoline feed. As the oxygen emerged from 
tho csatal hole, it spread out in a cone that 
intersected ths aanulus of fuel and provid­
ed good Eaisiag.° 

Arata recalls that iaformality marked 
the early days at Reaction Motors, with the 
modifications of designs and techniques such 
as these worked out over lunches or coffee 
breaks at the nearby Triangle Grill. Usual­
ly," he remarked half facetiously 

ws met there to discuss an explosion 
that had occured the day or morning 
^fore. fie would all pool our heads 
together ts figur* out what went 
wrong, whar* th* obstruction or the 
hot spot was. Than on* of us would 
say, 'Why aot try such-and-such?' 
Bun fa nie)u>ame for Lawrence] would 
respond. "Yeh, let's try iti" Then 
w® would all get back and work like 
hell, soaetiaas until 9,10, or 11 at 
aight. Soauitiaes John [ Shesta] would 
mlso osae around with a clipboard 
aad just aake up modifications on-
the-spot. ̂ •S 

°Our greatest problem during those 
years,*' Arata eontinuad, "was heat trans­
fer. Of course, regeneratively-oooled sys-
t^s were the only way to go; but, this did 
i»t mean that all tha cooling problems were 
solved, especially for long-duration runs. 
There was sometimes a delay in ignition due 
to slow propellaat flew, causing ill-timed 
starts aad overheating er 'hot spots.*" 
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One answer, which wae far fron per^ 
feet, was Pierce 's idea of making a cor­
rugated winding or sp i r a l out of a 
metal ribbon by running i t through the 
loosened gear teeth Of a l a t h e . The wind­
ings were placed between the cooling jacket 
and the l iner for swirling the coolant fuel . 
The purpose was to slow down the c i rcu la t ion 
process so the motor would b@ be t t e r cooled, 
the fuel would be adequately pre-heated for 
better combustion, and the ign i t ion delays 
would be o v e r c ^ e . 

The trouble with t h i s technique wao 
that the ribbons %^re not always placed in 
the r ight posi t ions . After aoao t e s t runs, 
motors would ba dismantled to l e a m the rea­
son for complications. Often i t was found 
that the ribbons jammed in the wrong place, 
blocking rather than ass i s t ing fuol flow. 
The ribbons sometimes shifted unknowingly 
during the course of manufacture. RMI en­
gineers began, negatively^ to dub thoa 
"wiggle r ings ." Perhaps a t one of the 
Triangle Gril l sessions a be t t e r solution 
was worked out, for la te r wires wore placed 
in grooves around the cooling l i n e r . By 
adjusting thea at different angles and 
lengths, i t was possible to control or 
regulate ths ra te of coolant flow.i'7 

The completed 3000-pound motor weighed 
75 pounds with auxi l ia r ies (the nitrogen 
pressure tottle and other t anks ) . Tho 
chamber was alteut 6 inches (IS ea) diamet­
er and 6 feet (1.6 m) high. Ono run (con­
ducted on 6 May 1943, according to tho RMI 
log took account in Wyld's handwriting) 
lasted about 24 seconds at high t h rus t ; the 
reaction was measured by the rocordor a t 
about 3180 pounds. Wyld wroto: "Flamo 
s t ra ight , not remarkably long but intensely 
hot started a nuaber of siaall f i reo in 
traods and scorched ground. Alao burned cor­
ners off some nearby sandbags.. .X^tor ap­
pears to be in excellent shape a f t e r r u n . . . ' 

In subsequent t e s t s , tho uouol ign i to r . 
problems were en^untered; but , ea 14 Hay 
1943, a "very long run. probably ovor 1 
a in ." was recorded. ^i@ bocamo tho s tan­
dard duration of the enginQ.-̂ -<^ 

Soon af ter , another solut ion t̂ oo found 
for the heating problem. After oao toot 
in which the head plate bl@» off °vith a 
sharp report" beeause of esscesoi^To proo-
sures, water was injected through Q oiaplo 
tee connection ia to the gaooliao l i a o . 
This seamed to rect i fy the problos . "Af­
t e r May 24 [1943].° wrot© Sheota, °Q11 
our t e s t s used water in jec t ion ." @y Oc­
tober, the f i r s t s t a t i c t e s t s VQSQ aado 
with simulated PaM-3C a i r c r a f t . b o a t t a i l s 
aade of plywood and covered with corruga­
ted metal. They were conducted a t ^11'o 
fac i l i ty in New Jersey. 

Finally, tho time arrived for quick 
takeoff and landing f l igh t t r i o l o . Captaia 
William L. Core of th© U.S. Uaria© Corpo 
served as the p i l o t oa the f i r s t ^oaetion 
Motors JATO f l igh t a t Aaaapolio oa 13 Jaa­
uary 1944. (He was already.a vcl^otoa. of 

other ouch f l i g h t s , having managed Goddard's 
JATO unit on a PBY a i r c r a f t beginning in 
September 1942.) By ©very aeoount, these 
t r i a l s went well . Yet, for a l l thei r labors, 
the Navy never o f f i c i a l ly adopted any of 
Reaction Motors' JATO uni ts , 

tJhat had gone ^nreng? 

In a t^ rd , i t was the company's choice 
of the liquid oxygen and gasoline propellants . 
Compared with the proven efficiency and, 
aore i a ^ r t a n t l y , the convenience of hyper­
golics used by Truax and Aerojet/JPL, oxy­
gon and gasoline simply ware not p rac t ica l / 
especially for eaergency mil i tary use be­
cause of the reasons c i ted ea r l i e r (pro­
curing and storing l iquid oxygen, e tc . ) 
In ths end, Aerojet ' s high-performance, 
fully storable solid propellant units be-
c£Bae the B»st successful a i l i t a r i l y and 
commercially. At the conclusion of the 
PSM t e s t s , reminisced Shesta, "we had def­
in i te ly given up gasoline as a propel lant ' 
and switched to alcohol, which we f e l t much 
bet ter suited for rockets than gasoline." 

{Notwithstanding i t s JATO disappoint­
ment. Reaction ttotors progressed in &ther 
areas. In the words of Rear Admiral^^1-
vin M. Bolster, the company had "already 
demonstrated rsaarkable engineering sk i l l 
in th i s infant f ield" of rocketry. The 
f isa was already becoming engaged in other, 
noa-JATO projec ts . One involved providing 
main, rather than^assisted, propulsion for 
oaperlaental a i rc raf t .^^ 

Prtactpal Pgwer for Aircraft Recket Planes 

Is^aicoUy. while the hypergolic propeUai^ 
(Fed-fumins) oitric add and aniline possessed 
qualities which made it highly deslreable for 
J.ATO appUcatioas, St also had very serious 
drawbacks which made it highly undesirable 
use as tbe primary source of rocket propulsion 
for aircrsE. 71i@ advantages have already been 
cited above: ao ifaiter device needed, oo cryo- . 
geaie storage required, etc. This meaM quick-
otsrting, easily storable and {mwerful JATOb . 
Oa the otber hand, a@ Goddsrd most objected 
to, ths asid fumao were highly tosic besides 
haiag oorrosive. ^ lo t s of rocket planes would 
hn^^ beea es^sed to the greatest risks due to 
these drawbacks 0 sot to meî iOD the chance of 
uaplaaned, in^aMaaeous combustion. These 
qealttleo ef the rocket propellaat may have been 
to EMI's disadvastage when it came to JATOo 
b ^ worked to S l ^ ' s favor regarding rocket 
aireraS.^' 

?ellot?iag RMI's JATO phase, the company 
tupaed away &>em gasoline and liquid ozygea and ^ 
began espsrimeoting ^tth the original Jameo ^ 
Wyld choice of liquid osygen and alcohol since 
thio combination ^as cooler and easier to handle 
ia regSBsrotively-cooled eagines. RM! also 
undertook hypergolic developments which wore 
ouseossfuUy employed in the Gorgon II-A asd 
Lark mioeil@ pro^aajs. Aerojet eootinued its t-" 
®̂ i?a bypsrgoUe eeeeBreh aad by 1944 was devel- ^ 
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oping • 2. 000 lb (907 k«) t h rus t acid and uUUne 
engine called Rotojet . It -was meoot for the 
proposed Northrop X P - 7 9 r o c k e t - p r o p e l l e d flying 
wing interceptor for the A r m y Ai r F o r c e s . 
Nei ther tbe a i rcraf t aor the engine m a t e r i a l i z e d 
but Is le in 1944 two t r a n s o n i c a i r c ra f t p r o j e c t s 
b e g v i to ero lve . One was the Navy p r o p o s a l of 
a ground-IsuDChed tu rbo j e t -powered crof t , l a t e r 
designated the Douglas D-558 and made in 
turboje t . Jet and r o c k e t , and o l l - roeke t powered 
v e r s i o n s . The otber pro jec t was sponso red by 
the A r m y Air F o r c e s and was an s l r - l a u o c h e d 
a l l - rocke t powered a i r c ra f t which become koown 
OS the Bell XS-1 ond l a t e r the X - 1 . -'^ 

In Jonuory, I M S . the Navy ' s Ships I n s t a l l a t ­
ions Broach was r e q u e s t e d to develop o r o c k e t 
powerplont using l iquid oxygen ond gosoline for 

the D-558. "At-<hat t i m e . " accord ing to t h e " " "; 
1946 GALCrr survey Je t P ropu l s ion , "oo da t a 
was available for specif ic powerplont r e q u i r e ­
men t s . Accordingly, Reoct lon M o t o r s , I n c . 
of Pompton P lo ins . N . J . , wos r e q u e s t e d to 
undertake the development p r o g r o m on a s m a l l 
s ize powerpUot. Th i s approach was token in 
o r d e r to anticipate and solve p r o b l e m s os soon 
OS possible in sma l l s ca le ond hence save t i m e 
OS well [os] expendi tures of money ond e q u i p ­
ment associated with l a r g e - s c o l e t e s t s . N u m ­
erous problems in motor ignition ond gas feed 
control were worked on ia t h i s m a n n e r dur ing 
Feb rua ry , March and Apr i l of 1945. In t h e 
eor ly port of Moy tt wos dec ided tha t tbe power 
plant should del iver between 4 ,S00 pounds 
[2, 040 kg] ond 6. 000 pounds [2, 720 kg] t h r u s t . 
Consequestly, the to to l t h r u s t wos divided into 
four pa r t s of 1,500 pounds [680 leg] t h r u s t 
each . By this method, the fourth mo to r con 
be odded or deleted os r e q u i r e d ond the c o m ­
plete powerplont can be o p e r a t e d at any on* 
o f the immediate s t a g e s . " The o v e r o l l r o c k e t 
motor become famous a s the 6000C4 
(6,000 lbs of th rus t firom four c h a m b e r s ) . 

"In cooperation -with the A r m y ' A i r 
F o r c e s ' program'of t r a n s o n i c a i r c r a f t 
r e s e a r c h . " the GALCIT s u r v e y eon t lnnes . 
"tbe Novy hos a r r anged to r e l e a s e the f i r s t 
propulsive unit of tbe above des ign to t h e 
BeU Aircroft C o r p . " Th i s i s how the e000C4 
was s ta r ted under a Kavy con t rac t yet f t r s t 
powered tbe Air Ferccfs ' sponso red BeU 
X - 1 . According to H a r r y W. B n r d e t t , J r . . 
RMI 's chief engineer o a the e000C4. the 
or iginal engine 's ou te r jacket was m a d e of 
o rd ina ry carbea s t e e l (Shests s a y s t h i s w a s 
chosen for r e a s o n s of economy) . C a r b o a 
s tee l r u s t s . The engloe a l so had copper 

tubing. Hence, when t h e Ai r F o r c e s ' 
E z r a Kotcber . bead of their ' t ranJTonie 
Urc ro f t projiot' , come to Love l l -
Lowrence to examine the 6000C4 to s e e 
if it could indeed be used in tbe D-558 
p r o g r o m . the engine was somewhat r u s t e d 
and did not look p r e s e n t a b l e . Shes ta 
r e c a l l s that the head of B e l l ' s XS-1 des ign 
t e a m . Robert M. Stanley, a l so s aw t h e 

e o ^ n e in this coadltloo and sold: "I don't 

l ike thot . I t ' s got to be s t a in l e s s s tee l . " The 
chonge wos subsequeitfly mode ond for be t t e r 
oppeoronce soke tbe engine wos olso pointed 
block. Burdet t soys ths t becouse of tbe 
t r e m e n d o u s noise plus i t s oppeorsoee . the 
8000C4 wos knlcknamed the "Belching 
Block Bos tord . " However , he odds, th is 
name hod "to be cleoned up for the p r e s s . " 
It woa there fore r e - d u b b e d "Block B e t s y . " 
ofter L a w r e n c e ' s infoot doughter . Betsy , 
ond becouse the name olso signified 
re l labUi ty . Officiolly, the Novy des ig ­
nation wos the L R - 8 . The Ai r F o r c e s 
designat ion wos L R - U (Liquid Rocket U), 
o r X L R - U - R M - l . ^ * 

Burdet t soys tbe f i rs t 6000C4 model 
was fired on 30 August IMS but thot only 
two of the ch o mb er s worked . The o ther 
two had fuel l e a k s . Blowouts ond Ignition 
and injection p r o b l e m s w e r e common in 
tbe development of the engine, but Lou 
A r o t o . RMI ' s self-tought buC exper t 
shop m a n . devised o fool-proof Igniter 
that was successful ly t e s t ed 500 t i m e s 
without folL In effect it wos o min ia ture 
rocke t in i tself that was shaped like a 1— 
Ventur i with fuel and oxidizer inlet 
boles d r i l l ed i n t h e s i d e s . The f u e l 
and oxid izer wotild be p r e - m l x e d and 
igoited by on adjoining spark plug. 
L a w r e n c e , who at that t i m e hod Just 
r e t u r n e d from Germany ofter he lp ­
ing t h e U . S . Government inves t iga te 
G e r m a n y ' s s t a t e - o f - t h e - o r t of 
r o c k e t r y ( i . e . Just after the w a r ) , 
was so i m p r e s s e d with the igni ter 
th s t he o r d e r e d A r s t a to i m m e d ­
ia te ly m a k e four of t h e m . The igni ter 
was subsequent ly adapted to tbe 
6000C4 accord ing to A r s t a . Burdet t 
s ays he h imsel f was r e spons ib le for 
solving the injector p r o b l e m s . P r i o r 
to pa s s ing tbe qualification t e s t s , the 
6000C4 was t e s t - f i r e d in va r ious 
pos i t ions for m o r e than 800 seconds 
to ta l aa the unit could be placed 
bor lzoota l ly a s wel l a s incl ined up 

aad down t o 4S. d e g r e e s T h i s t r o v e -
mea t ef c o u r s e s ia ra la ted r o l l , p i tch, ond yaw 
In a l r c r s f t . E a c h o f t h e c h a m b e r s , -which 
could be f i red sepa ra t e ly o r la unison, w e r e 
t e s t e d a min imum of 270 seconds . Once 
qualif ied, Betsy w a s accepted a s R M I ' s 
P ro jec t No. 171. Coo t rae t s C-107193 and 
C-I087B2 to the Be l l A i rc ra f t C o r p . . 
effective 29 May IMS with a scheduled 
complet ion date of 18 AprU 1M7. ^ ' 

The subsequent h i s to ry of Reoct lon 
Motors 60 OOC-4-powered a i r c ro f t . the Bell 
XS-1 (X-1). a l so cal led "Glamorous 
G l e n n i s . " after the p i lo t ' s wife, i s wel l 
cove red in the U t e r s t u r e . On 14 October 
1M7 the BeU X-1 wtth Captain C h a r l e s E . 
T e a g e r at tha con t ro l s was the w o r l d ' s 
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f i r s t a i r c r a f t t o f ly f a s t e r than the 
speed of sound (Mach 1.06 or about 
700 mph, 1,12 6 km/h r ) . Other da t a 
r e l a t i v e to t h i s h i s t o r i c a i r c r a f t 
engine are t h a t i t burned an e t h y l 
alcohol and water mixture with l i q u i d 
oxygen. The welded, s t a i n l e s s s t e e l and 
aluminum tubing engine was 54 inches 
(137 cm) long and 49 inches (124 cm) 
wide (the arrangement of t he four t h r u s t 
chamber tubes for the Air Fo rce s ' X-1 
was in a diamond form; for the Navy's 
D-55B and o the r p r o j e c t s a square 
p a t t e r n was p r e f e r r e d ) . Each chamber 
was 18 inches (45 cm) in o u t s i d e 
diameter . Tota l engine weight for the 
Bel l X-1 ve r s ion of t he engine 
(n i t rogen-fed type) was 345 lbs (156 
kg) unfueled. Subsequent 6000C-4S 
under a trubopump feed system of 
12.2 40 r p a ' s and dr iven by the d e j , 
composition of hydrogen pe rox ide . i 

RMI's 6000C-4 olso powered the BeU 
X-U ond Bell X-1-3 aircroft. With alight 
modlflcotions. the engine wos olso fitted 
inthe Navy's Douglos D-5S8-1 Skystreok 
which wos olso powered wtth on Allison 
J-3S-A-11 5.000 lbs (2,268 kg) static 
thrust turbojet. Similarly, tbe Block 
Betsy wos the powerplont for the oU-
rocket Douglos D-558-2 Skyrocket ond 
the Douglas D-S58-2 Skyrocket, Jet 
and rockM versiea. Some of thc D-S58 
series were modified for sir-lonnehes. 
These olrcroft olso flew suD#rsanlc. 

One ofthe plones. the Douglas D-S58-2 12 
Skyrocket, Jet snd rocket version, became 
the world's first aircroft to exceed twice the 
speed of sound, reaching Moch 2. 005 or 
1.391 mph (2, 077 km/hr) during o dive ea 
20 November 1953. Scott Crossfield pilot. 

The first rocket aircroft were purely 
experimental machines, however, designed 
to probe transonic flight. The Air Force 's 
Republic XF-01. fitted with the 6000C-4. was 
the first supersonic combst fighter though 
technically it too was experimental. Like the 
Douglas Skyrocket. Jet and rocket version, 
the XF-Bl hod dual powerplants. The rocket 
engine wos considered aa auxiliary means 
of propulsion for accelerated take-offs and 
climbs ond for operstloos at high altitudes 
past thc sonic ba r r i e r . The plane's General 
Electric J-47 torbojct of 5,200 lbs (2.358 
kg) static thrust constituted the pr imary 
power. In the XF-Bl the four rocket chamb­
ers were separated, two in a vertical Uae 
above the Jet engine and two below. Oa ao 
undisclosed date in September. 1B52, 
Republic's RuseU (Rusty) Roth flew the 
XF-81 on the first of its supersonic fllgbts. 
Republic's PresidcRt. Mundy I. Peale, 
announced the fUght shortly after, stressing 
thst the XF-Bl was "not purely a research 
plane" and "is combst ready." Only two ef 
the aircraft were built, however. 

VJ 

production contract was issued. A con­
templated XF-91A unit with an up-rated 
8000-pound thrust motor (possibly on 
Aerojet Engineering Co. development) 
designed for hypergolic propellants was 
never realised. •** 

This was not the ead of Reaction Hat­
ers' rocket powerplants. 

On 30 September 1955, a contract was 
let to the North American Aviation Co. 
for the developnent of a hypersonic roc­
ket powered airplane designated by the 
Air Force the X-15. In their rocket and 
space travel history, Vamher von Braun 
and Frederick I. Ordway would later call 

I'the X-15 'the closest thing to a winged 
I spacecraft that haa ever been built* (up 
;to 1966, when the first edition of their 
I book was published; in fact, the x-15 re­
presented a major step towards today's 
space shuttle). 

Bacause of its experience and suc­
cesses with earlier Z-series airplanes. 
Reaction Motors was awarded the contract 
for the x-15 mngine which, when later de­
veloped, became icnown as the fully throt-
table, 59,000-pound maximum thrust XLR99 
•'gjooeor. * The unit operated on anhy-f-
dreus aasBoaia aad liquid oxygen propel­
lents. 

; Early X-15 flights, made between 
1959 aad 1960, ware accomplished with two 
I modified 'Black Betsy' engines with the 
Air Fore* designation XLRll. 

As tho subsequent development of the 
X-IS falls out of tha time frame of this 
papar. it is not dealt vith any further. 
It can. however, be noted herein that this 
remarkable airplane aet a number of out­
standing records. Among them: a 3 October 
1967 flight that reached 4 520 miles per 
hour (7274 Im/hr) er Kaeh 6.7; and. oa 
22 August 1963, aa altitude of 67 miles 
(107 km). **" 

Baviag made this observatioa. it is 
useful te aete at this tiae that our paper 
does aot iaeluda maay miaor Reactioa Motors' 
activities aor, mora aspMially, is it pos­
sibl* to doal with projects that may have 
get uader way bafora the Thiokol Chemical 
Corp. takeover ih 1958 but that would aot 
maturo uatil after that time withia the 
framework ef th* Reactioa Motors Oivisioa 
(RMI's successor dasigaation). 
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III. TEST AND SOUNDING ROCSZTS 

Following a close second in impor­
tance to its aircraft auxiliary and prin­
cipal rocket motors was a aeries of propul­
sion units for Navy and Air Force test and 
atmospheric sounding vehicles. Included 
were rocket motors developed and manufac­
tured for the Lark surface-to-air flight 
test rocket, the •HX-774 precursor to the 
Atlas intercontinental ballistic missile, 
and the Viking rocket used at first for ex­
treme altitude exploration and later for 
testing components for the Vanguard Satel­
lite launch vehicle. 

LR2-RM-12 and XLR6-RM-4 Engines for Lark 

During 194 4 and 194 5. Reaction Motors 
build approximately fifty 350-pound thrust 
rocket engines that operated on mixed acid 
and mixed aniline hypergolic (self ignit­
ing) propellants. They were based on an 
earlier 340-pound CML-2N-1 U. S. Naval En­
gineering Experiment Station design and 
were mounted on the Gorgon II-A pilotless 
aircraft. The Navy planned on using these 
vehicles against Japanese naval and mer­
chant shipping in the Pacific. 

Building on CHL-2N-1 experience, RMZ 
engineers came up with a ti:)o-chamber unit 
consisting of 220 and 4 00-pound thrust 
chambers mounted together (the latter Ka@ 
aa uprated Gorgon II-A cylinder). T^so 
models evolved, the pressure-fed LR2-RM-12 
and the turbop«uap-fed XLR6-RM-4. About 
500 of these engines were built for th© 
Lark ground and ship-to-air experimental 
missile. The idea was to us® the smaller 
cylinder for cruising and the larger oa@ 
for extra speed as the aerial target wmsa 
approached. Data on the two enginos are 
summarized in Table 3. 

Manufactured both by the Fairchild 
Engine and Airframe Co. and the Consolida­
ted Vultee Aircraft Corp., Lark was orig­
inally designated XSAM-N2a. Later, ia 
1950, it was reclassified as the C7V-E3-9 
component test vehicle. Most were fitti^ 
with Mach limiters that permitted the mis­
sile to reach but not to exceed Mach 0.33. 
tfhen a Lark approached this speed, aa ia-
dicator closed th* electric valve ^hieh, 
in turn, closed the propellant valv© m ^ 
consequently stopped th* operatioa ef thm 
400-pound thrust chamber. Th* r@^@rs® oe-
curred when the missile dropped h©le^ th@ 
limiting velocity. Launehings at first 
took place from a 4S0-foot (137 @) loaf 
inclined ramp at the Naval Ordaaaeo Taat 
Station, Inyokera, California. Later, thdy 
were made from a zero-length launcher at 
the Naval Air Missile Test Center in ?oiat 
Mugu, alao in California, as well as from 
the USS Norton Sound at sea. Typically, 
Lark would undergo 240 seconds of powered 
flight; but, during one test in December 
1948, power lasted for 295 seconds carry­
ing ths missile over a distance of sor@ 
than 25 miles (42.3 km).'^^ 

Although the 620-pound thrust @a@ia@s 

L t ^ ^ 

w«ra ffloployed exclusively for Lark, the com­
pany felt they could be used as assist take­
off units for light liaison and command-type 
aircraft. Lou Arata cannot recall any such 
use, t:hough a 1946 GALCIT survey Jet PropuJ 
ftion mentions on RMI motor in.1942 being 
converted to b u m an unspecified fuel wit-. 
nitric acid and making successful runs, "but 
then fit ] exploded... and was abandoned. -
John shesta believes that this motor may have 
beoa adapted by Lt. C. Fink Fischer at An­
napolis to use the acid as acid tanks and 
other equipment were set up there. 

XLR35-RM-1 Engine for MX-774 

h £ t n r t:he war, RMI carved out a small 
piece of the emerging large rocket-propelled 
missile programs thst were based on or in­
spired by the German V-2 and other military 
vehicles. During the immediate postwar per­
iod, the Germans and their American col­
leagues were flying and testing captured 
V-2s from White Sands in New Mexico while 
simultaneously embarking on the new Bemes 
missile project. For its part, the Navy had 
started developing a Viking sounding rocket 
that was based in considerable part on V-2 
technology. At the sane time, the newly 
created Air Force was tackling a long-r&nge, 
rocket-powered delivery vehicle usinq-^the 
MX-774 missile to test the concept. 

As it turned out, RMI received engine 
development contracts for both the Air Force 
aad £l£s,vy projects. 

Th* MS-774 was short-lived, but did pro-
•^ide the Air Force; its airframe contractor 
th® eoasolidated Vultee Aircraft Corp.; an̂  
Rsaetion Motors with valuable experience. 
The engiae, designated XLR35-RM-1, had four-
chambers, was regeneratively cooled, and 
^as capable of operating over a nominal 7,600 
te 8,400 pound thrust range. It consisted 
of a thrust assembly, a turbopump assembly, 
aad associated components. The engine was 
fle%m three times in the SlH-foot (9.6 m) 
loag MX-774 test vehicle. la-fllght pitch, 
roll aad yav coatrol was accomplished by 
swivelliag tha four chambers, thea a novel, 
untried method. Ths XLR35-RN-1 was the first 
aagine to oonbiae a turbopump feed system 
^ith variable thrust aad multi-swivel, gyro-
^ntrolled ehambars. 

Sssign ef the segine waa completed io 
lat@ 1946 aad model aad aeeeptaaee testing 
warn undertaken ia Jua* of the following 
y*ar. A wwylmrw thrust of 8,800 pounds was 
obtained at a specific impulse of 227 seconds, 
e@n©ral design specifications and operating 
ehsraeteristies are etssmarized in Table 4. 

This MJC-774's airframe was designed by 
e, eeavair team headed by Karel J. Bossart 
^m& consisted of three all-metal sections: 
the fuselage nose, fuselage center, and the 
t ^ l . The nose was made of aluminum alloy 
aad housed the electrical, stabilization, 
aad guidance and ooatrol components and test 
instrrumsatatioa. The ceater eoasisted of 
propellant taakag* eoastrueted of welded 
alumiau@. The liquid rocket engine and the 
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control surfaces were houoed in the aluminum 
alloy structure in the tail oection. Inte­
gral tanks were introduced to rocketry with 
the MX-774 and also the idea of separating 
the nosocono from the aain rocket structure 
after peak altitude was realiged. 

Tho Reoctlon Motors rocket engine 
weighed 396 pounds (179.6 kg) and consumed 
liquid oxygen and alcohol. The decomposition 
products of hydrogen peroxide drove the tur­
bine, which was coupled to t:wo pumps that 
furnished ths propellants to the coabuotion 
chambers. 

The KX-774 wos static-tested at Point 
Loaa, San Diego, in California from mi.d-
1947 to late 1948. As noted in Table S. 
it was flown three times at the tlhite Sands 
Proving Grounds in New Mexico in July, Sep­
tember and Oecoaber. A failure in the elec­
trical systaa led to premature cutoff of on 
otherwiae flawlessly functioning first 
flight engine. HX-774 rose over a milo 
(1.7 ist) high, then crashed only 600 feet 
(183 m) froa the blockhouse. No. 2 fared 
somewhat better, reaching nearly 30 miles 
(48 km). Excessive oxygen tank pressure 
caused the missile to break apart in aid-
air. Tho third flight went woll for 15 
seconds, when the engine cut off. An at­
tempt was aade to parachute-recover the 
aiasile, but vibrations caused it to ex­
plode. The MX-774 project is describod 
in a number of sources. ̂ ^ 

XLRlO-RM-2 Engine fer Viking 

The engine developed for ths Naval Ro--
search Laboratory's Rrv-N-12 Viking high-
altitude sounding rocket was quite differ­
ent from that selected for the MX-774. 
Instead of four small thrust chwrnhoro it 
relied on a oinglo, large one that pro­
duced mors than 20,000 pounds of thrust. 

The contract to develop and manufac­
ture the XLRlO-RM-2 (the official deoig-
hation of the Viking rocket engino) woo 
signed in 1946 and the first pG^^orploat 
was successfully toot fired a year lotor. 
Although tho early Viking launchoo uoro 
not impressive, in tlao tho rockot osseood-
ed the altitude capobilitioo of tho cap­
tured German V-2o. Ts^le 6 providoo flight 
data for tho Biooilo froa tho firot S i s i a g 
ia May 1949 to tho last ia May 1S37. 

Tho ongiao coasiotod of a losfo ess-
bustion ehombor, o turbopump uait, aad QO° 
oociated valvoo oad controlo. M l toakago, 
t7iring and piping ̂ oro ouppliod by tho Cloaa 
L. Martin Company prima contractor. 

Tho initial oporating choroctoriotieo 
oad speeifieatioao of tho ongino aro group­
ed ia Tablo 7 . Ovor tho yearo, iaprevo= 
Bonts tTere aado to the ongino. Thuo, it 
developed 20,430 pounds of thruot oa tho 
firot Viking flight, 21,429 on tho last. 

Tho thruot cylinder oonoiotod of tho 
combustion cĥ rabar and a vonturi nosslo. 
It HQS coapoBod of a shoot hiekol iaaor 

jacket rolled into a cylinder and welded. 
The engine WQO cooled by circulation of 
the alcohol fuel in an outer jacket sur­
rounding the coabuotion chamber, supported 
approximately a quarter inch (0.63 cm) dis­
tant from the outside diameter of the chaa-
bor by opocer rods (that extended from one 
ond of the chamber to the other in several 
short lengths). The outer jacket oontour 
was interrupted by expansion channels 
which, when pressure was applied, tended to 
oapand lengthwise to allow for thermal ex­
pansion of the combustion chamber in oper­
ation. A reinforcing ring was welded onto 
tho jacket throat soetion to prevent the 
possible distortion of the nozzle throat. 
Tho fuel entered the engine by four m -
inch (5.7 Gi) fittings at the nozzle end 
of tho jacket and was distributed uni­
formly around the cylinder. 

The power transmission and pumping units 
oonsistod of a single stage turbine and 
tiso centrifugal pumps. Hydrogen peroxide 
oaterod a gas generator containing a aan-
gonesQ dioxide catalyst. The resultant 
choaical reaction produced super heated 
otoora. which was supplied to the turbine, 
Tho turbine operated at approximately 10,000 
rpm, and developed on output of approximate­
ly 300 horse power. Impellers at both ends 
of the turboptsap forced the propellasts 
through the outlet ports of the pumps at 
tho proper discharge pressures. 

Xa ito Viking application, the thrust 
chamber vao mounted to a glab&l ring that 
pozmittod owivsling in a horizontal plane, 
tfgrvcaont in tho porpendieular plane was 
offectod through a similar mounting of tho 
gimbol ring te tho missilo airframe. 

(̂  21 Soptemher 1948, a prototype en-
giao producod 21,000 poxinds of thrust for 
SS ooeondo. a performance that satisfied 
t3SS). fho firot production engine woo 
shipped froa RMI to tho Glonn L. Martin Co. 
•eon afterward. Viking Ko. 1, meanwhllo, 
wia taking ohape there during the autu^t, 
oad by Doeismber it uao completed. ThQ next 
coath. tho sounding rockot was sent froa 
Saltiaoro out to Wxita Sands, Now Mexico 
c7haro it t̂ ao roadiod for static and flight 
firia^o 

RStos Q dry run ea 28 Fobruary 1949, 
tho firot otQtie toot took place oa 11 
tloreh, aftor oovoral ̂ otponemento. Stooa 
from th3 turhiao oahouot started a firo in 
t h o toil ooetion'o pipe iaoulation, but tho 
rsekot t̂ QO aot doaagod. Tho oocond static 
toot, oa 28 April, woo cut ohort preaaturoly 
t̂ hoa ocBooao oat? ossoko, but no evidence of 
firo «Qo found, floac woat ahead for tho 
firot louaehiag. 

^ 
Z& oeeurrod oa 3 Uay 1949 at 0900. 

Vibiag 1 roachod aa altitude of slightly 
O9or 50 ailoo (80.5 1»), 163 oocondc aftej î  
takooff—0 highly croditable performance 
fer tho saidoa flight ef any rockot. It ^ 
foil to Earth about 18 ailoo (IS km) froa o 
itc lanaeh poiat. having otayed aloft soma to 
IS taiautoo. Aaoricoa high-altitudo socket 
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'sounding wa@ ooffli.ng of age. 

Since the experience of early flights 
was applied to the design of later uidele, 
jno two Vikings were exactly alike. Flights 
<2 and 3, which took place in Septanber 1949 
(and February 1950, reached approximately 
ithe same altitude as the first. Viking 4 
htuB fired on 11 May 1950 froa the USS 
[Norton Sound in the Pacific. The tent gave 
jnew information .about the problesos of 
.launching rockets at sea and allowed 
^scientists to gather data on the behavior 
[of oosmic rays in the upper atmosphere et 
'the geomagnetic ecfuator. Despite the dif-
jficult^ies of a shipboard launch, the Pro-
:jact Reach rocket (as the operation waa 
!called) soared to a height of 106 miles 
'(170.5 km), vary nearly the theoretical 
-maximum for that particular vehicle. 

' The next three flights were aade from 
l̂ niite Sands. Viking 5 reached an altitude 
of 108 miles (170.5 km) in November 1950, 
Then,the following month. Viking 6 reached 
only 4 miles (6.4 km) beeause of a rapid 
deterioration of aerodynamic stability after 
fin control was lost. Viking 7, flown in 
August 1951, established a record height 
of 136 miles (219 km). All three carried 
instrunents that included Geiger counters, 
ionization chambers, photomultiplier tubes, 
and cameras. 

More than a year went by before tho 
next firing. The time was used to carry 
on design work, in process since 1950. for 
a larger, heavier Viking with a motor cap­
able of firing for more than 100 sdconds 
(compared to the 50 to 80 seconds of th© 
earlier models). Almost all the entr© 
3500 pounds (1588 kg) that %mat i n t o thm 
new Vikings were propellant, not etructuro. 
The new sounding rockat could go higher 
than the old Vikings or carry heavier 
payloads to the same altitude. 

Seven of the new Vikings aad thoir 
rocket engines ware built and flown. Th@ 
only failure was ths first one. Viking 8. 
which experienced one of tha. most unusual 
accidents in rocket history. During static 
testing on the laoming of 6 June 1933, it 
broke loose from the test stand, flot^ 4 
miles (6.4 SOB) up. and crashed oa thQ d®@ort 
5 miles (8 ta) away. Scientists aad @a-
gineors oa tha scene could hardly b®li@78 
thair eyes as th* rocket rose iato thm air. 
Oa future ^dels. four tie-dotm poiat^ ra­
ther than two would be used aad th@ soe&st 
t&il eectioa strei^thened. 

Tha rsmaining six Vikings «)@r© firad 
between IS Oeceiivber 1952 aad 1 May If 37. 
Viking 11 distinguished it^self ia May 1934 
by soaring to a new record height of 13S 
•miles (254 km) with 852 pounds (386.S kg) 
of instruments al»ard. Its ^iZ rocket @a-
-gine fired for 103 seconds and brought tha 
vehicle up to a speed of 4300 miles • 
(6923 km) per hour, also a record for the . 

Viking 12 vas. in many wey@, thm last ! 

true member of the family, it reached a 
height of 144 miles (232 km) on 4 Feb- ' 
ruary 1955. The last two VDclngs were ' 
fired, not for high-altitude research, b 
to check out components for the forthc 
ing Vanguard space carrier vehicle. The' 
ware flown froa Cape Canaveral, Florida 
rather than White Sands. 

OtB^^B 

he^F 

Table 8 susmsarizes all 14 Viking flights. 

The story of the Viking ia well told 
in a nuaber of sources, including a book 
and Bsaoir paper by Milton Rosen who direct­
ed the rocket's development, and works by 
Bomer £. Nevell Jr. head of the Naval Re­
search Lalsoratory's Rocket Sonde Research 
Section (later Branch). t>ooking back upon 
Viking from the perspective of several de­
cades, Newell had this to say al»out ths pro-
gramt 

...the Viking, although of a marvelous 
design...found very little use. The 
dozen rockets bought for the develop­
ment program were, of course, instru­
mented for high-altitude research. 
But Viking was too expensive. The 
groups engaged in rocket sounding each 
had perhaps a few hundred thousand 
dollars a year to expend on the re­
search, and a single Viking would have 
eaten up the whole budget...It had been 
hoped the Viking would be much less 
expensive, but before the end of the 
dsvelopsaent these rockets became almost 
as expensive as new v-28. So Viking 
found no takers among the atsnospheric 
soimding groups and would probably hav 
been shelved had it not been chosen 
es the starting point for the Vanquard 
Z6V untemational Geophysical Year} 
satellite launching vehicle. ̂ ^ 

• 

Bis assessment may not be entirely fair. 
True, Viking was an expensive vehicle. But 
it performed during its lifetime valuable 
research on the nature of upper atmospheric 
phenomena. Even more important, however 
much it may have owed to imported V-2 tech­
nology, Vikiag 'aas aa American project that 
provided vital experience to a growing cadre 
of native rocket scientists and technol"- : 
ovists. This experience would prove its 
worth ia th@ years to come—for Reactioa ; 
Motors, for th* Glenn L. Martin Co. aad , 
for its Havy sensor. 

Z^o MZSCSLAHBOUS PROJECTS 

f^oughout itJ3 life, RMZ had proven its 
laaovativeness. Apart from principal pro­
jects like JATOS and the famed 6000C-4, the 
firm also undertook several smaller but no. 
less iaaginative projects. i 

The RMI log book already mentioned re^ 
ports a a^ent of inertia test on 1 May 1944 
with a 60 pound (27 kg) Autogiro blade. Ac­
cording to Lou Arata, this was on* of Frank­
lin Pieree's psojeets. Sh«sta says the blade 

.r ' 
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I coiae trom Pltcolrn Avtatloo Inc. The p ro j ­
ect wos aa attempt to lest the feasibility of 
a liquid-propelled rocket-powered helicop­
te r . For the purpose, ssya Arata. aa 
A-frame wos secured to o concrete slab. ^ 
The rotstlng mechanism was affixed in 
the middle with a 2 inch (5 cm) diameter 
tube protruding from it. This tube simnl-
sted the blode for the actual combustion 
teats . Two 50 lb (22 kg) thrust liquid 
oxygen ond gasoline rockets were strsppsd 
to each end of the tube, with fuel aad 
oxidizer feed lines running down the tube 
towords the center where they were 
eventuoUy connected to their respective 
tanks. The "blade" did work, after a 
foshlon. It whirled os it should but Aroita 
ond Shesta soy there wos a great desl 
of leokoge of liquid oxygen from the 
rotating rockets. Shesta odds that the 
' l oz" evoporoted and the feed was 
intermittent. Tbe project was soon 
ofterwards obondooed though it may 
have been the first attempt ever at 
liquid-propelled rocket-powered heli­
copters. The experiment olso aoticip-
oted RMI's Rocket-On-Rotor CROR) 
project of 1954. ^^ 

In July. 1B44. Shesta says, "our 
en^neers were summoned to the 
[Navy's] Bureau of Aeronautics in 
Wosliiogton for consultation in 
connection with the German V - l . . . 
At the same time, certain sketchy 
details of the construction of the 
powerplont were relayed to us and 
we were requested to construct and 
test o duplicate thereof. Work on this 
project woa storted in the middle of 
July and w^s completed on or atout the ^ s t 
week io August. 1944. These tests continued 
to obout the middle of September. 1844. at 
which time we took the motor to the 
Philadelphia Naval Aircraft Factory s& 
PhUodelphlo. for further tes t ing." The RMZ 
log book reports one static test st tbe New 
Jersey plant on 19 September IB44. Accord­
ing to the log, the V-l engine, which wajii 
recovered after tt crosbed in Loadba, 
"Made 5 test s tarts without Germaa reg . [ul­
s ter ] . . .Ran as long as air was iajeeted. 
Put in reg. made S test s tar ts . §S kept a s ^ 
firing without air iajeetioa. After stout SO 
see. [ends] ths impulsing smoothed o ^ Ajsnd 
taereased in latensity. " The V-l eaflas of 
course wos oa air-breathing pulse jet, asi 
a rocket but it certainly fit the oaime aad 
purpose of the cem.paay. a reactioa motor. 
The 1946 GALCn* survey Jet Propulsion 
says RMI in fact "successfully Biodified 
the V-l '8 aeroresonstor to eztsad the 
valve life to opproximotely foils' t i ^ ^ s 
that [of] tbe German valve." It was also 
noted that RMZ "bas practleally completed 
develepmeot of aa air-fuel iatake systesa 

Si> 

which •srlll greatly reduce the drag of the 
ps°opulslon device ond Increase the effic­
iency. " Arslo himself mode o V-l type 
engine "from the gronad up. " Some of 
the inltiol tests ef the RMI model were 
laterestingly done wtth smaller or 
scaled-down versions and also on a 
kind of wind tunnel made wtth on old 
aircraft engine fer the purpose of 
ramming in air . Simulated air wos 
also used and fed trom tanks, 
consisting of 21% oxygen and 78% 
oitrogen. Tbe Navy, concludes 
Shesta. were exploring the 
^es ib i l t ty of their own polsejet 
missi le. In fact, tbe pulse jet 
l,oon did emerge but the motor 
iTSLs made by the Ford Motor Co.* 

G. Edward Pendray, in his 
1045 book Tbe Coming Age of Rocket 
Power, mentions & rocket-driven 
boat tested by Pierce and other RMI 
officials during February and March 
of 1844 though there is no notation in the log 
book, which however, is incomplete. The 
pateotlal of this device, according to Shesta. 
was to make o super-fost landing boot fo^ use 
in the projected invasion of the Joponeser 
islands. Peodray olso mentions rocket boots 
for carrying mail ehlp-to-shore. rescue 
work and "for sport events. " Be also soys 
standard RMI 250 lb (113 kg) thrust liquid 
osygen and gasoline motors were used. 
Arsta bellved one of the Lark engines was 
ssed. possibly a 330 lb (100 kg) thrust unit 
though this employed nitric odd and aniline. 
As Shesta also recalls that tbe boot's motor 
"burned a very long t ime, about 5 minutes. 
& could well have been the Lark as tt ran 
fer 360 seconds (4. S mlntites). ed leost for 
the Lark 's sustolner motor. In any case. 
Pierce made several ezperimeotal runs on 
^ e Severn River, near Aonapolia, aad 
reached speeds up to 40 mph (64 km/hr) 
w^h "tm problem" but found steering --
extremely dlfneult esi^cially wtth In-
^ma@@d @pe€)ds. ^ ' 

Oa a purely spare-tiaae basis aad 
"fer fun only," RMI Chief Test Supervisor 
Ernest John "Buck" PeUington. a former 
World Wsr n B-24 erew chief with 38 
missioas ov«r Germany, supervised the 
desiga aad eoastruetioe of a stainless 
steel tubing rocket-propelled ice sled. 
Fitted wtth a 400 lb a s o kg) thrust Uquld 
esygen aad alcohol engloe, the I. 848 lb 
(74? kg), IS foot (4.8 m) loog sled 
@^^nsd & top speed of 90 mph (152 km/ 
hr) in its initial test rua oa frozen Lake 
Sopatcong near the RMI plant at Dover. 
Ne'^ Jersey. PeUington eaeeuntered 
S'ough ice a a i steering diffietilties and 
kM to shut off the moter after 18 
seeoeds. ^ b e r w t s e , greater speeds ^ 
lbs* the ©tressdiasd. aircraft-like ^ 
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sled would have been poss ib le . Tbe 
Aus t r ian Max Va l i e r oad the A m e r ­
ican B a r r y Bull mode ond rode 
rocket s leds in 1929 and 1931, r e s p ­
ect ively, but th i s was the f irs t Uquld 
propel led type.-*^ 

RMI become involved w i t h a n o t h e r 
rocke t -powered he l icopte r in 1951. 
The firm made the ISFl hydrogen 
peroxide e n ^ n e s (16 lb o r 7 kg t h r u A ) 

for t h e ' t l i ^ iOO lb (45 kg) t w o - b u S e d 
s t r ap -on hel icopter invented by Gilbert 
^ a g i l l . Maglll manufactured the machine 
on an e spe r imeo ta l b a s i s under an Office 
of Naval R e s e a r c h cont rac t through h is 
Rotor -Craf t C o r p . of Glends le . Calif. Tbe 
rocke t s were a t tached to each blade . The 
he l icopter , known a s the Rotorcraf t RB-1 
Pt'Oject P icwheel , wos s t r a p i ^ d to a m a n ' s 
back and wai^t with the man r e s t ing on a 
b icycle-a ty le s e a t . . The mi l i t a ry Impl ica t ­
ions of Mogul ' s invention were many and 
included so ld ie r s leap-frogging over en t i r e 
a r m i e s , climbing inaccesaab le t e r r a i n s and 
so on. In effect, t h i s was one of the f i rs t 
so-caUed "jet p a c k s . " though MagiU's 
project s e e m s to have been shor t - l i ved . "̂ -̂  

A more bonaflde hel icopter was R M I ' s 
own ROR (Rocket-On-Rotor) produced in 
1954. though p r e l i m i n a r y work was befun 
i s 193L It cons is ted of s m a l l XLRS2RM3 
40 lb (18 kg) t h rus t hydrogen pe ros ide 
moto r s mouisted on the t h r e e blade t i p s of 
an actual he l i cop te r , the Sikorsky HRS-S 
(S-55 ty i« ) o f t h e U . S . Mar ine C o r p s . The 
sys tem weighed 67 lbs (30 kg) dry yet 
could i nc r ea se a he l i cop t e r ' s lifting po ten­
t ia l by 20% which was a g rea t boon in w a r ­
t ime s i lus t ions . A dome-shaped tank a t o v e 
the r o t o r hub c a r r i e d enough fuel for s i s 
minutes o r 20-25 t ake -of f s . T e s t s cove red 
1.000 s t a r t s and s tops on he l i cop te r s ef the 
Marine Expe r imeo ta l Squadron BMS-1 l a 
Quantico. Vi rg in ia , with a 9S. 3% r e l l A -
m t y record - F a s t e r t ake-of fs , h igher 
a l t i tudes , aad improved r i t e s of c l imb aad 
hovering ceiling w e r e a l so advantages of 
ROR, yet the s y s t e m did cot b e e o a ^ o^s>- ; 
ationaL'^4' \ 

Apar t f ^ m t h e s e miseeUaaeous { s ^ ° 
j e e t s . RMI was involved i a m a a y o t b e r , 
often ve ry fruitful l ines of r e s e a r c h e e a d -
BCted during the per iod noder e e o s i d e r -
s t ioa . Space p e r m i t s only s sma l l l i s t i ag 
of some of them: with the e s t ab l i shmei^ 
of RMI'B Chemis t ry Lobors to ry in 1&4@ 
•gnder A a s t r i a n - b o r a chemica l engiflaser -
Dr . Paul F . Wiotternlts, ez tens ive 
r e s e a r c h and e x p e r i m e n t s w e r e conduct- " 
ed upon a var ie ty of exotic propellasAs both 
solid aad liquid, including diboraoe and o ther 
torsBsa. etfaylcnozide a s a aaaospropel laat , 
aad liquid ozygen an<}.&mzabQia:'^ilso, from 

. IMS, the develasmert.QLS8Jt^sees>SEtsrs for 
a i rp laos ca tapul ts us ing the rocket p r i a e i p l e . 

' under a Navy contract (also called Itrterooi 
Combust ion Catapult Powerplont or ICCP) : 
r o c k e t romje t s tudies (from 1946); the 
X50-API Auxi l iary Power Pack designed 
ander an Ai r F o r c e cootroct to produce 
auKiliory tu rb ine power operat ing Indepen­
dent ly of the a tmosphere (1950); solid 
propel lan t gos genera tor for tank p r e s s u r -
izat ion (1951): avaluotion of c e r a m i c s for 
t h r u s t c h o m b e r s . gos g e n e r a t o r s and i g -

, n i t e r e (IBSl): r o c k e t s for dr i l l ing in tbe 
ground (about IBSl); boundry layer coa t ro l 
a i r pumping s y s t e m s for the Chose ond 
C e s s n a Ai rc ra f t Companies (1952); t u r b o -
r o e k e t (1853 and e o r l i e r ) : Vern ie r rocke t s 
(1933): the development of a 500.000 lb 
(236, 800 kg) t h rus t rocke t sys tem for an 
A i r F o r c e supe r son ic s led (1956); aad 
many m o r e 
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18. 

F r o m an unpublished five-page document by 
J a m e s H. Wyld. "A Biographical Sketch of 
the Rocket C a r e e r of J a m e s Wyld. " In the 
RMI f i l e s . Thiokol C o r p . . Newtown. M&ss. . 
w r i t t e n c . 1951. The contract r e f e r r e d {o woe 
for 139, 000 and was awsrded by BuAer . 

yy ld , "Biographical Sketch," 0£. c t e . 

F r o m the Minutes of the F i r s t Meeting of 
l o c o r p o r a t o r e and the Minutes of the F i r s t 
Meeting o f t h e Board of D i r e c t o r s , RMI 
f i l e s . 

John Shes ta , 'Heoet loo Motors . Incorpora ted 
— F i r s t L a r g e Scale Amer i can Rocket C o -
mpaay : A M e m o i r . " paper presented at the 
2eth l A F C o n g r e s s , Dubrovnlk. Yugoslovla. 
C ^ o b e r 1878. 

I b i d . , Shes ta r e p o r t s the four men had but 
two s m a l l l a t h e s , a d r i l l p r e s s , ao a s s o r t -
meot of s m a l l tools and an ozy-ocete lyne 
^^ Id iog outfit . 

At eoe t i m e o r a e o t h e r . al l RMI founders 
had beeo o r ^ o u l d be ARS p r e s i d e n t s : Shes ta . 
X®S8: P i e r c e . 1940-41: Wyld. 1944-45; and 
L>3«3>@aee, 1846. 

Shenta quote from Bootoo Herndon. ' d o c k e t 
Gea ius wtth Big I d e a s , " Coronet . Apr i l 
Siss, p. S i . 

J a m e s H . Wyld, "The Liquid Propel lan t 
d o c k e t Eng ine . " Mechanical Engineer ing . 
l u n e 1947, p . 3 . 

"Bebby Dt senss ioa Led t e RMI B i r th . " Tbe 
^ ^ ^ Rocke t . Deeea iber 1931. p . 2 . 

RMI Rocket , o p . c t t . , p . S. 
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U. Quotes from John O. Davies . J r . , "Ro­
cket Business S o a r s . " Newark ( N . J . ) 
Evening News . 18 September 1946; oad 
'Tlesldents Cite Damoge Done by T e s t s 
of Je t P ropuls ion . " Nework Evening 
^ ^ f s , 2 October 1945. r e spec t i ve ly . 

Ill- „ _ 

12. "Pequa.anock Boos J e t Motors T e s t i n g , " 
Nework Evenl.ig News . 10 October IMS. 

13. Es tobl lshed in 1891 by Act of C o n g r e s s , 
the Depot occupied o t r a c t of land c o m p ­
r i s ing 315 a c r e s that had fo rmer ly been 
port of the United Sta tes Powder Depot 
( loter to be known os Plcot lnny A r sen o l ) . 
An oddltionol 78 o c r e s were pu rchased in 
1902; ond. In 1917 by P r e s l d e n t i i l P r o c ­
lamat ion . 67 m o r e w e r e acqu i red . In 194 8. 
the Navol Aeronau t l co l Rocket L a b o r a t o r y 
would be es tob l i shed on the s i te with the 
miss ion to develop and evoluote liquid p r o ­
pellant rocket eng ines and the i r compon­
e n t s . Oo 1 Apr i l 1950. the Na\al A o u n u o -
i t ios Supply Depo t ' s name would officiolly 
be changed to the Novol Air Rocket Tes t 
Station. S imul taneous ly , cognizonce would 
be t r a n s f e r r e d from the Bureou of Ordnonce 
to the Bureou of A e r o n a u t i c s . 

K . 

15. 

F i r s t Annuol R e p o r t of Reoct lon Moto r s , 
Inc. for per iod ending 31 D e c e m b e r 1948 
(it covered the y e o r s 1947-1948). 

Ihlf aad r t l a o d Information wa* ebtainad by 
Ordway working with th« RMI f l i c s located a t 
th* Thiokol Corp. h**dquart*r* la NawtowD, 
P*. , during th* course of dlscu**loaa th*r* 
with T. W. Br*nnai); UlIllaB R. Wright. J r . , 
J . T. "Ois" Caton. and T. C. TUMlcy en 15 
February 1982; during lnt«rvl«w with M.E. 
"Bud" Parkar a t Thiokol ef f le* tn Buatavl l l* , 
Alabama on 26 March 1982; and during In t a r -
view* with John Shasta In Stew* and lauranca 
P. Haath In Mor r l sv l l l* . V c t ^ t . 3-6 July 
1982. S t a t i s t i c s are takaa f to* BII annual 
raper t t bcglaniag with f i r s t chat covsrsd 
period •i)d*d 31 Dacaabar 1948 aad a i^ iac 
with th* on* covarlag tha year 1957. ( Ia 
1958, Raactloa Motors was sbaorbad by tha 
Ihlokol OiaBlcal Corp.) > 

16. P e r s o n a l eomxaunleat ion to Ordway dated 3 
A p r i l and 23 May 1882. 

17. L a u r e n c e was t h e "godge t ee r " of the R o e k -
. efcUer fomHy and for y e a r s hod been i n v e s t ­

igating l a t e c h a o l o g y - o r i c a t e d v e o t u r c s . In 
the middle 1930s he hod backed World War I 
oce Eddie R ickcobocke r ' s fledgling 
E o s t e r n A i r L i n e s ; and. in l a t e r y e a r s , 
moved into a i rp lane des ign, e l e c t r o n i c s , 
aod. with R e a c t i o a Motor s , rocke t e a g l a e s . 
Ctted by J o * Alex M o r r i s lo "The R o c k e f e l l e r 

" The Sa turday EvenlnK P e s t . IS 
J a a u a r y 1931. p . US. 

18. NewhoU. l oc . c t t . 

19. Newhal l would remain aa e x e c u t i v e v i c e 
p r e s i d e n t t o 1953 and g e n e r a l manager t o 
1 9 5 1 . I n 1 9 5 3 , R o c k e f e l l e r s e n t him t o 
F l i g h t R e f u e l i n g , I n c . o f Danbury ,Conn . , 
t o s t u d y i t a s a p o s s i b l e R I l I - R o c k e f e l l e r 

joint inves tment . In Jonuory , they pu rch -
osed o coBtroUlog in te res t in the f i rm from 
i t s B r i t i s h owner . Flight Refueling. Ltd. of 
D o r s e t . And in A p r i l . Newholl wos mode 
p res iden t and t r e a s u r e r of Flight Refueling, 
I n c . . wtilch wos re loca ted to new facil i t ies 
in B a l t i m o r e . Md. 

20. Sect ion C-2(e ) , "His to ry ond Accompl ish­
m e n t s . " Repor t ANC-1062, 1948. RMI 
a r c h i v e s , "niiokol C o r p . , Newtown, P o . 
(unpeg Inated) . 

21. Messoge to s tockho lde r s . Thiokol Chem­
ical C o r p . , 17 March 1958 ond Notice of 
Anouol Meeting ef Stoclcholders. 17 Apr i l 
1938. 

22 . The s to ry o f t h e Reoctlon Motors DlvlAon 
of Thiolcol wil l be covered by the authors 
ia a s e p a r a t e p a p e r . 

23 . T . J . Bennet t , L e t t e r . Fl ight . Vol. I I . 26 
March 1910. p . 244. 

24. H . H . B a l e s . U . S . Potent 1. 003.4U of 19 
Sep tember 1911; A. Lepin te , Br i t i sh Potent 
229 .670 of 19 F e b r u o r y 1024; V . I . Dudokov 
and V . A . Kbnstontinov. Russian Potent No. 
4S8s of 8 October 1928. c loss 62s, 18/02 
M F K V 64d. 

2 3 . I . E s s e r s . Max v s U e r — A Pioneer Of 
Space T r a v e l Nat ioaal Aeronoutics and 
^ p a c e Adminlstrfction:-Washiogtan, D . C . 
1076. p . 188: V . I . Dudokov. "Aaolysis ef 
the E a r l y P e r i o d of Usiag JATO ia Avlo-
t l o a , " (ia R u i s i s n ) . Proceedings of the I8th 
In te rna t iona l C o n g r e s s o f the History of 
S c i e n c e , Moscow, 18-24 August 1971. pp. 
44-46{ v a r i o u s documents in "JATO" fl ic . 

- Ns t lona l A i r aad Space Museum. Woshing-
t e a . D . C . 

2S. " J A T O " fn* . op . e l t . 

27 . l a t e r r l e w , Lou A r a t a , by Winter . 9 June 
1882. 

38 . l a t e r v l e w . George S. J a m e s , by Wiotcr . 
8 June 1982; In te rv iew, Robert C. T r u a x . 
by Win te r . 7 June 1982; Es the r C. Goddard 
and G. E d w a r d P e a d r a y . e d s . , The P a p e r s 
ef R o b e r t H. Goddard (MeGrow-HUl: N. Y . . 
1870). V O L m , pp . 1478. 1538-1560. 1572-
1373. 
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29. Interview, J a m e s , op. e l t . ; F . J . Malina. 
"The U .S . A r m y Air Corps Je t Propuls ion 
R e s e a r c h P r o j e c t . GALCIT Pro jec t No. 1. 
1939-1946: A M e m o i r . " in R. Ca r f i l l Hal l , 
e d . , E s s a y s on the His to ry of Rocke t ry and ' 
As t ronau t i c s : ProceedlogB of the Th i rd • 
Through the Sixth His tory Symposia of the 
International Academy ot As t ronau t ics 
(NASA Conference Publicat ion 2014), VoL 
n , pp. 167-188. 

30. Shesta . "Reac t ioa Moto r s . " op. c i t . ; 
In terview, John Shes ta . by Winter . 10 June 
1982. 

31. Iitferview, A r a t a , op. e l t . : Reac t ioa M o t o r s . 
I n c . . handwri t ten (fwaell) logbook by J a m e s 
H. Wyld, F rank l in P i e r c e , e t . a L . 1943-1843. 

" donated to the National Air and Space Museum 
by John Shesta , unpaglnated. he rea f te r c i ted 
as RMI Logbook ; J a m e s H. Wyld and LoveU 
Lawrence . U . S . Pa tea t No. 2 , 4 7 9 . 888 of 
23 August 1948. 

32. JlMI Logbook . o p . c t t . ; In terv iew, A r s t a , 
op.' c i t . 

SS. Shesta . "Reac t ioa Moto r s . " op. c i t . ; A r a t a 
Xoterview, op . c t t . 

S4. A r a t a . In t e rv iew, op . c t t . 

33. ttld: RMI Logbook. 

39. RMI Logbook; Shes ta , " R e a c t i o n , " 
op. c t t . ; C . W . S c h a a r e , "Development 
of ATO aad E a g l a e s for Manned Rocket 
Ai rc ra f t . " A m e r i c a n Rocket Society 
P a p e r 2088-61. p . 8; Goddard aad P e n d r a y , 
op. c i t . , Vol . i n , p . 1481: In te rv iew, 
Shesta . op. c i t . ; R e a r Admi ra l Cslvln C. 
Bo l s t e r . The A s s i s t e d Take-Off of A i r -
Craft (Norwich Univers i ty : Northf le ld . 
Vermont . 1930), p . 87. 

S?. l a t e rv lew. J a a i e s . op . c i t . 

S i . Shes ta . " R e a c t i o a . " op . e t t . ; l a t e r v l e w , 
Shes ta . op. c i t . ; R i c h a r d P . Hal l ioa . 
Super sonic Fl ight (The McMfllaa C e . s 
W . Y . . 1972). j ip. 20-21 . 38-40} Gufgea-
h e l m Aereaau t l e a l L s b o r s t o r y aad The 
J e t F ropu l s ioo L a b o r a t o r y , GALCIT, 
Cal l fora ia l a s t i t u t e of Teehoology, 
[ su rvey] . J e t P ropa l a ioa (Cal l fora ia 
Xastttt^e ef Technology: ( P a s a d e a a . 
C a l i f . ] . 1946), pp . 136-137. " 
eSted a s GALCIT s u r v e y . 

39. GALCIT s u r r e y , op . c i t . 

49 . Ibid; In te rv iew. H a r r y W. B u r d e t t . J r . , 
by Winter , 33 June 1882; l o t e r v i e v . 
Shes t s . oy. c i t . s In te rv iew. A r a t a , ogj_ 

c i t . ; the account of the "Black Betsy" ' 
naming in Lloyd Mollon 's Men. Rockets 
and Space Rata (Julian Meaner : N. Y . . 
1858), p . 25 ie not en t i re ly accura te ood 
is mi s l ead ing . 

^ 
4L l a t e rv lew, Burde t t . J r . . op. c i t . ; In te r -

v lew. A r a t a . op. c i t . ; untitled Reoctlon 
Moto r s l is t of p ro j ec t s ond project num­
b e r s . 1946-1933. in "Reoctlon Motors . 
Inc. " m e . Nat ioaal A i r and Spoce Muse­
um, uapaginated, he rea f t e r cited ae 
R M I L l ^ . 

4 2 . H a l l l o a , 0 2 i _ c l t ^ , pp . 107-109, 202; Reac t ­
ioa Moto r s , I n c . . Llcfuid Propel lant 
Rocket Engines Developed For the 
U . S . Mil t tory S e r v i c e s , fo rmer ly a 
Confidential hondbook, loeseleaf, c . 
1852, sec t ion on L R 8 - R M - 6 , hereaf te r 
ct ted a s RMI Loose le s f Handbook ; 
In te rv iew, Burde t t , J r . . op. c i t . ; 
s o m e of t h e s e m e a s u r e m e n t s were 
made by Winter d i r ec t ly from the 
6000C-4 eaglne on exhibit in the Nat ­
ioaal A i r sad Spoce Museum. 

4 3 . HaUlon, op . c i t . . pp . 203-205, 172-173; 
RMI Looseleof Hontfeook. pose im . 

44 . ' d o c k e t - P o w e r e d F igh t e r Breok^i 
the Sound B a r r i e r , " New York T i m e s . 
10 D e c e m b e r 1852; Alber t M. Skea. 
"New F igh t e r P l a a e F o s t , " Newark 
S v e a l a g News . 10 D e c e m b e r 1862; 
"Republic X F - 8 1 " Hie . National Ai r 
msd Space Museum; In terv iew, Burdett 
Mr. , op . c t t . 

4 3 . Eugene M. Emtme, e d . . Aeroaair t ics 
and A s t r o n a u t i c s 1915-60 (U.S . Gov-
e r a m e n t P r in t i ng Office: Wosbingtoa, 
D . C , 1881), p . 78; W e r a h e r voa 
B r a u a aad F r e d e r i c k I . Ordway. SSL 
Hi s to ry of R o c k e t r y & Space T r a v e l 
T h o m a s Y. O o w e U C o . : N. Y . . 1866). 
p . 204; " P r o g r e s s with the X - 1 3 , " 
F l t e h t . V O L 77. 27 May 1860. p . 732. 

4 i . T%e L a r k p r o g r a m got uoder way at the 
Bureau of A e r o a a u t i c s la J a a u a r y 1843 
aad i a Deceaaber the f i r s t t e s t a r t i c l e 
w a s de l i ve red by F a i r c h i l d . During 
1&46, 'work was expanded to include 
the development of a guidance sy s t em 
fer the v e h i c l e . The pu l se feature o a 
the L a r k was opt ional : mos t m i s s i l e s ^ 
w e r e de l ive red with tt, s o m e wttljout. ^ 

4 7 . See for e x a m p l e . David B a k e r . Tbe 
Rocket (C?rowB:N.Y. , 1878). and 
F r e d e r i c k I . Ordway. m aad Ronald 
C, Wakeford. In te roa t ioaa l Miss i le 
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and Spacecraft Guide (Mc<jr o'er-Hill-
N- y . . . 1080). . 

48 . MUton W. R o s e a . The Viking Rocket 
Story (Harper and B r o t h e r s : N. Y . . 
1953) and Milton W. Rosen , "The 
VlMng Rocke t : A Memoir , " paper 
presented at t h e 6th lAF His to ry 
Symposium. Vienna, Oclobsr 1972; 
Homer E . Ne^^^ell. J r . . High Al t -
ttude Recket R e s e a r c h (Academic 
P r e s s : N . Y . . 1954) and Homer E . 
Newell. Sounding Rockets (McGraw-
Hill: N . Y . . 1939); quote from Homer 
E . Ne^3«U. Beyond the Atmosphere 
(National Aeronau t i c s and Space Ad­
min is t ra t ion : Washington, D . C , 
1980), p . 3 8 . 

48. RMI Logbook, op . c i t . ; Intervle'CT, 
Lou Ara t a . op. c i t . ; In terv iew. 
Shesta. op. c i t . 

50. John Sheoia. unti t led document in 
Reaction M o t o r s , l a c . a rch ives d 
Thiokol C o r p . . Newtown, P a . ; RMX 
Logbook, op. c i t . ; GALCIT o t s - ^ y , 
p . 144; I iSerview. A r a t a . op. c i t . 

51. G. Edward P e n d r a y , The Coming 
Age of Rocket Power (Harper & 
B r o t h e r s : N . Y . . 1845), pp. 171-172; 
M e r v l e w . A r a t a . op. c i t . ; In te rv iew. 
Shesta , op. e l t . 

52. "Rocket P rope l l ed Boot Tes t ed At 
Lake Hopatcoag. " Morr i s town Dally 
Record ( N . J . ) , 3 March 1647; "Mld-
vale Vet Hopes to Get Je t - I ceboa t 
Up to 200 MPH, " MldvQle, N . J . 
pape r , (uali.) March 1647. 

53 . RMI Looseleaf Handbook. ooetlon oa 
16F1 Rotor Rocke t ! "Tiny Rocbot 
Hel icopter Teo ted H e r e . " Lao AaReleo. 
Ca l . News. 2S October 18SI. 

from the L«vel l Lawrence p a p e r s . 
Ai r and Space Museum. 
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71roc 9fi3Ctlcnt Q.O.^a^olc^cd eovbloo C3c=̂  oyotcQ'for 000 
ottSi Toebot oadlcoo. Oostc daol{^ Bood tTltfa four oaflloo 
c=lo la , rooolQS <>C3 USO (»;c£io of tbruot ( l a IsBr-ctacs&ar 
COOO-psucd ttinuit ooQlco) Co 20,000 pavado of tfaniot: drlvoo 
by doJ , .'joliic bydroQQQ poec^djE^ lo prooooco of eo to lyot . 

P l ro t oooooooful D.O.-dovolCTcd ttil^lca 7us:^.^rlvoo ps=;}i^-
ploDt for onldcd oloollo oppl lcot loa; /Ur y e r u t a - m . — 
Oolgeo tiireot ckccbar c^voltjaQ footuro ta occor o iao l lo * 
CO I to cc3]ma ocoocoofully dczscocrotch. 

V11?Qt otsoacoofel OSS. -dovotcpcd sur^lco p^cp-drivQo roohot 
00(^00 for plioccd a imimfc: CUsvf 0310-2 tfeoa iE=lortplao 
lo&slol n i t ^ s scoeo isiVi saaa-v-^i-sa i&rcst o a o u ^ . 

71n)l (Io7olCy=iot of SO.eoO-fssx::! iftruot, mrb l sa^ r lvoD 
ll</al^ t-jyuuu.olc-?frol cootiot o^jlco for Povy'o VIIIIBQ b l { ^ . 
ol t l t lcio or:—llnp EC2!V3t. 

godogQto>x^iut of .S90-93cz:d i&mot ocld-onlXlao rvatsot 000-
8C20, tzicbooo c ^ c ^ U M l o ; Qovy Sortjoo d o o l l o promrc-u 

&:3c?olov=oat of CSO-pssz:^ flSiroot, cca-cylla^or, of ld-anl l loo 
csolooo for Otnj KasSi; ooranit tncrlRKl dallvorcd aad fllcSit 
s c o t d . 

CxrsciR^oclca of foo l . ooSdlco?. c=d proocurlQlOG oorvteo 
COSMO foir t^uti CS31I—1. 

1?ltot vartoblo E&fcat, c m o t t n t BftcrVir pmocniro tcxtiot 
C231C3; rnrrtr-n l iunat ItcAa of 20 pocccst o< r o t d 2.0SO 

B3^nlc;==!at of a e c s K l s c s l •-'—~i' rynur—I for VOTJICQ tCireot 

7lTOt llQslUI [Ksoboe ccs^co c^^tHoot&Esi to eotorv ITIOQ orof t ; 
Sd-^cr=d i£u7C3a.' Ugo&d Gsy^oa-olco^l tfis^soc c h r ^ ^ r o oocd. 

ScTcscftOniBicrs c=l ie=oita co sc^otot.eTpo csQicso. 

34. RMI LeoBQleof Hoadbooti . 
OQCtioa OQ X96F3 Rotor Rocket ; 
"Mar iaoo VtoSS SiMX Employooo, 
Show < ^ E Q ® , " "2^0 REffl Roetset . 
VoL 7, Moreh SSSS, ^ , I , §? "Tlay 

New Roekst EaQiaoo Baeot Payload F e r 
C o p t e r s . " Aviat ion W e e k . 27 Soptembar 
IS54, p . 17s ' ^ e c b e t Aooiotaaee F e r Ho l i -
eep ie ro , " FMgM , VeX. S8, 34 Sep tember 
1634. p . 330. 

33 . R m L i f l t . op . e « . : John D. C la rk , 
teHitioHl ® e i g e p o Univeroi ty P P Q O O : N O ^ 
Bruoowicb, N . J . „ 1972), poooim; M o m -
oroadum &^m P a u l F . WlMGralts to IR. M. 
Young, 18 Doeesaher 1930 oad o the r m s s a i o 

fiCpWoQiBico oS K x i o t [=:=or ID t=3ao. 

Dcooarci, &!voBc;=s3t ca l tooMog of t i l^-ooari jy pjcpollonto, 
o.Q. dlbovQco oc:! by^noQlco co c o l i GO ' -t«nj curpcffitli^. 
c=:3 GoafoT^l a l r - ^ o l . 

D:;vQic;=:=3a of rnp'T) ffoff CottOK31Q4co lEC=?3rQ8Dro of ccoSiot ioto 
Ciy oolcaloeiSca c=:3 otooifOQMco. 

lDv23etoo(alc=o CO coo of ll(3a«d cayocjQ, c5»lto ftcioo o i t r t c oeld. 
JPS c:r] Boootlco CO ptc^ollcoto l a cTOtczn of COOO oed 16,000 
[""̂  ^ o* eaiR=J«, «C3»tdl4oa tescoa oyl icJoro , prcpolloot cKipo, 
0!XI OĈ ICOCOTO Cil CSOBBolo. 

E35atc?=>s of o C33I080 IBca oS csooooorloo Sor rooAiot ooslcso. 

Cssslc^^xKt of o;=3ilaI scoto c=3 csjati^asos for cocottucclaa o d 
c^ssotitao ccoCsot cajjiE^ c=:j3caoto c=d coooooonbo. 

I C=3IUJ3, csoDijicoisiico c=] cpotrottco of l lgc ld ecoiiot toot arcoo, 
tca l ld loo soot Kiolp=iot ocd opooiollncd lDot«v=3oto. ftrcot 

I ocpaoley eo as .ees F C = 3 O <olto ot n i s i ooaeolosd otco cparottog 
8CO8 OB/—lo cTlst) r.—*"^T fcoir csrior c::20t&uotlca). 
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Table 2 Changing Directorc and Officers ot RMI 
1949, I9S2. 1955, 195^ 

l»49 
WJ» 

I 

LavQlt L09re«ea. ^ r . . proeldoot , BO 
ftAA^alDH B. (forston. ooooclaca of l^ar^Essa 
8. Uocliolollor. Boo ?or6 c i t y . 

Ctarleo IS. D o - a l l , J r . . cuneEstlvo vltao 
pr«Qldfffit Qs4 Qonsrtil oaaAeor. [9fX 

S i u r t K. Sco t t . Osst , OaUao t l s s , Bar loe , 
Duahb; & r a l o a r . Bos Terll Clry ( s s saao l ) 

JohQ E^eeca. dlrQctav of r o o o a , ^ ^^^ 
onot'-aarlQS. C-'U 

Dorvar W««<ual^, u o o c l a t a ef t^arsaao Q. 
AacbAfellor, Dov Torh City 

J m o a. tryld, cfclsf raaoarsfi ooQlaaor, ^ J 

»ynio e. e>r«M. a n a t l M c n a a l i u t . ir,« T«rb Clr> 
^ a o e l l BsfkiascB, vtea «rs«Uaat far «ava l«v 
cmnt. Oils nanlaMB O w a l u t Cat*. 

BOM &. tlagobniaa. t l s f a b n s . l o a a m t lr> 
wlo. laahinicon. B.C. 

B£iidctM> B. Nanisa ( s a n as I M S . 1«S2) 
Eaery a . R t tha iU . J r . aascat l** vlca yrvaMss t . WI 
Ualtar f. e 'Caaaall , vlca praaUoat fa r f lasasa . 

Otis CtatMssoa a > ^ » a l Car*. 
Or. Frael O'.aar. rice ^raeldaat for rasaarch, Otis 
nothlaeaa Oxalcal ean>-

S o n y a.. Saa»ak(. d t rac t ef v ^ r a t l a a s , Avlatlso 
M ^ a l s s . OIIB xatAlssaa O i a l c a l Carp. 

Barbae Weateai« teemn aa I M ( . ViWl 
. t r a s s , proaldaat . a O 

td^mll l^vraffica, J r . . prQoldoot 
Oiarlas B. O n f a l l . J r . . oaacacl^n viaa 

praoideat aat BffaarDl raaaagor 
Baary 8. Rlehaalo, J r . , Tlca prsslSimt o t 

f l u s c a ead adolalocrat laB 
Jaha thaa ta , t l r o e t s r o< r o s a o r ^ OEA ceg-

laaerlsg 
Barry 1. Baraa, J r . , aaalacaot ta aosaorl^To 

vtca praoideat aad Qaaaral oaaauar ocd 
aaolocaat aacretary 

Alaaaadar L. Beyoo, eoer^tory ocd gQEEorml 
counaol 

Jaka A. Fathleb. croasarar 
Jaaapt V. Ral lak, J r . , eacagar sf taaeafaatarlaQ 
LauTonco P. Baatb, oa&agor of aoacroat o^ala-

I s i r se t e s aad aarvlco 
Ja&aa B. Vyld, chiaf t o o a o r ^ ooQl^sojr 
Bovar^ HaSea. chlof aasl^ooff 
or . t a i l V ta t ana l t s , Olroctor of lobsrotairlao 

e . Hcaais. proaUaat 
Soairy B. 9llcbaele. J r . . a aaca t lw viaa ^raaldant 
Bakan ( . Elasay, vlea fta«14aat e* e ^ r a t l a o a 
Alaaanlar L. Eayaa, aacratary aaa couaaat 
JiBas H. t a y , J r . . t raaaarar 
B l l l l a a 7. Riagar. aaMesr af aBgtBearlae eai 

raaaaraik 
DoTld C. BatSB. narks Msa(«r 
Qarraa f. Turaar, nseagar a t CBStaaar ralstUias 

sari seetraccs 
Danrl4 e . Kel lar . u a a c a r of l i a t ec t r l a l aa l Tukllc 

ra la t loaa 
Bofeart H. I s n a a s a , asslstaait c r sass ra r 

ttsa 

less 

Jeba &. Urelor . prosl^oot , Aat^soaa aassi ' 
faccvriag Carp. 

SavtO I . L u ^ , J r . . prootdooe. Bast ^ I r g l a l a 
F«lp eai fapsr Cs. 

Patadelph B. nareioa (aaaa «a 19&@) 
Oiarlaa H. Dav^all . J r . , aaostsUTo TloQ 

praa tdes t . Bit 
Stvart H. Bcratt lamrn aa lSft@) 
Jaho Shesta, r lca p raa ldso t . r o a o s f ^ , f^Q 
Bsivar Vea«mini (aaaa as 196@) ' 
J a s s B. Byld (eom ss 1»&S> 

t n i l l ^ C. 7 s s t a s , c ^ l r B a s : aaalor v ies praaldsat sad 
d&smtes, o i l s HsthlaasB Otaatcal Cs<^. 

H 7 m B. Cordaa (sans aa t«SS) 
!,. S o r u t Barcdea, d l a t a l ana l vico praetdaat ( s r raaicrck 

ooi prWact laa af Ota f l ^ B n a r o Fuels Blvlalaa, 01 la 
Ratklssaa Oira lca l Can*. 

Baas A. KlasabtUB ( a a a a« l«3S) 
Baatelph B. Ksrs taa (soaa t a i n » , 1«}2, 1«S}) 
Ssary S. Hlcbaala, J s . , s aa l a r v lca prasUaat t a t t r aaa . 

areff, BQ 
B a n r e.' Seaaeslit, Alv ta taaa l v i ce prasMaat fer cuacaaar 

r a U t l a e e ef ths Blffe Saai ty Fuals B l v l s l m . Oils Ratti-
iasoB e .axlea l Carp. 

B e i ^ r Uaaevat^ (ssaa ss IKO. IfSS. ItSS) 
Baymfid H. Temis ( s s s s es IMS) 

Qe^QsM if. 7o«a@. pr^oldoQft ©s^ Qocotnaft 

Cbsrles ts. ^asMalX. J r . . OOOGOCITO 9^OO 
prasldaas 

Bsery a . nishoolo, J r . , vtoa prootdoos 
SSi tTaaearair 

Js&o BVasts, vlca prooldoot. r a a a o r ^ 
B a m B. a s roo , J r . , osaa^ar ef sos lo* 

eer los 
Uasandar-L. Sayco (sEaa ao 19&e) 
u t l l l a a ; . nuag.r , cAlef OBloaar 
Br. foul Wlstara t ta , d l r s c i o r e( raaaorsti 

BaysiEidl » . Teoag. p r e s U a o t 
•aery B. Hlaksa l s , J r . . s a a l e r v l a s prasl leQl tae traaaarair 
Jooopti B. Aotsol^ss . viaa p ras ldsa t aeA sasn t t lva aoaia t -

sag OS ede pros tdass 
Sovld e . t a caa , v lca p ras ldas t f e r a a r t e t l a s 
7ta6 B. Me t sahsaa r , v i t a p ras t^aa t ( a r pradui t lea 
AJaasedar %. Bayas, s a s r s t s r y aed csaasal 
Gsbar: R. Lavrssca, s s s l s t s a t t r s s s u r s r eat ^ I roc ts r o( 

tka flasBcs d i v l e l s e 
Bolocy 9 . 7 s r r l 8 . chtsf angleasr 
tdBua4 V. Vartia, d l i a c t a t sf pro4u<tlsa di*letoa 
tAiar^ B. icyaour, d l r e c t a r sf reaeerck d l r l a l s a 
&. B a ^ r t Taylor, d l r a c t e r a( s t e l s t a t t a t l s e d lv l a l a s 
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Tabl* 3 LR2-KK-12 and XIK6-IM-4 (;ai>aTal Dcalgn and Optratlng Charactcriaclci 

Cgn«r«l 

Nvaibar of Chruac chaabars 
Diruoc chamber cooling 
E lac t r t ca l raqulrenanca, vo l t s D.C. 
Typa of IgnltloB 
Propallanta 

I . Fual: aonoachylanllln* 
•n l l lB* 
dlaCylanlllB* 

2. Oxldlxar: n i t r i c a d d 
•ulphurlc «eld 
va ta r 
nl t re iylBulphurlc acid 
va te r and nl t roaylauphurlc a d d coabload 

Preaaurlzlng gaa 
Oparatlog atcl tuda 
Operating a l t i t ude 
Sealgn accelerat ion loade 

2 
regenerative (oxidizer) 
24 
hypergolic 

62-66 c -u <« 
24-28 £• S 5 
8-12 l ^ l 

81-85 " 1 S 
^ * - " O-S 

4 >?8 . 
I . a s t . 

4.S u x . 
nitrogen or equivalent 
horizontal or ve r t i c a l 
unreat r lc ted (In a i r ) 
18 g fore and a f t ; 

Operating tcnperacure range, ^ 
10 g laterally 

20 to 120 

Data Applicable Only to the m2-HH-12 

Sea level thrust retings, pounds 
1. Individual cheabers 
2. Cooplete engine 

Feed systao 
(hcldltcr manifold pressure, psig 
Fuel manifold pressure, psig 
Frepellant eentrel valve praasure, psig 
Specific Impulse et rated thrust, seconds 
Specific propellant conausptloB, Ib/sec/lb 

220-240; 390-410 
610-650 
preaaurlzed 
460 t 5 
470 t 5 
400-500 
195 
0.00513 

Data Applicable Only to the xm6-»l-4 

Sea level thruat ratings, pouads 
1. Individual chambers 
2. Complete engiae 

Feed aystern 
Propellaat pressure e t i n l e t to eaglne l i n e s , pel* 
P o p dlschargs pressure , pel* 

1. Mixed a d d 
2. Meaoathy1aalline 

Specific Impulse a t rated ehn i s t , seconds 
Specific propellaat coasumptioa, I b / s ac / l b 

208-223: 374-401 
582-624 
tnrbepuBf (b la s t turbine) 
45 t 2 

490 
420 
188 
0.00532 

Table 4 ZIA3S-BM-1 General BealgB aad Operatlag Charac te r i s t ics 

t 

T 

Number ef thrust chaabera 
Sea level thrust raciaga, pooada 
1. Xadivldttal chaaber 
2. Complete eactae 

Specific Impulae e t ra ted t h r a a t , eaeoado 
Specific propellaat c o a a u ^ c l s a , I b / aee / lb 
Thiuac chamber ceollag 
E lec t r i ca l requiremeata, vo l t s B.C. 
Type of Ign l t loa 
Feed ayetem 
Tbniae te eaglae velght ratio 
Pxepellanta 

1. Fuel 
2 . Oxidlser 
3 . Fressurlag gaa 
4 . ?taip drive 

Fl ight lead 

Cagiac cea t r e l preaaure, pa l* 
Fuel feed preaaure, paia 
Oxidltar feed preasara, paia 

2,030 t so 
8,200 t 200 
208 
0.00481 
regaaerat lve (fuel) 
24 
power equlb 
curbepump 
29 

ethyl a leshel 
l iquid oxygen 
a i t i egea e r equivalent 
90X hydiagea peroxide 
20 g ax ia l accelera t ion aaif 
e r 3 g l a t e r a l aeceleraclea 

463 -t 10 
423 t 3 
423 t 3 

W 

o 
o 

O 
NJ 



- • • n r i 

Tobla 5 F l l i Jx t SuEisary of tho SIJl35-B4-l-po»QrQd MX-774 Teat Vehic le 

P l i g h t 
ou^b@r 

Data A l t l t u d o , 
a l l a o 

E^Bark^ 

I 13 J u l y ' 4 8 1.2 

2 27 S<2pt. '48 29 

3 . 2 S Q C . ' 4 8 30 

Premacurs c u t o f f a t 12 .6 s aeoads ; s t a b ­
i l i z a t i o n s A t l o f a c t o r y up t a t h a t tla>@. 
VahlclQ lopaetQd a f t a r 48.3-secoDd f l i g h t . 

Englaa f a l l s d a f t e r 48 eoeoods a t an a l t -
Itudci of 10 l a l t a s ; »«i^<•»•'.» v e l o c i t y ; ' 
1,700 O I I Q S p e r h o u r . 

Prean tu rQ b u m e u t occu r red o t S1 .7 eaconde . 
F l i g h t d u r a t i o n 294 Qaeooda. P a r a c h u t e 
d e p l o y n e a t d e l s y s d , uae t o r n looa@ f r o a 
v@hlclis. 

Tablo 6 XIJtlO-RM-2 Generol Deolgn aod O p e r a t i n g O i s r a c t s r l s t l c a 

Husber of t h r u a t chambers 
Sea l e v e l t h r u a t r a t i n g , pounda 
S p e c i f i c impulos a t r a t a d t h r u o t , oQCooda 
S p o e l f l e p r o p e l l a n t consumpt ion , I b / s e c / l b 
Thruat c h a s b a r c o o l i n g 
E l e c t r i c a l r e q u l r e a s n t a , v o l t o D.C. 
Typa of I g a l t l o n 
Tead s y s t a s 
Thruat t o e a g l a a ^ a l g h t r a t i o 
Propollaats 

1. Fuel 
2. Ozidisor 
3. Praamirlzlsg SQQ 
4. P u ^ drivQ 

Maximum einglB@ d r y ^ o l g h t , poundo 
Turbine s h a f t spaed , r ^ 
Fual I n l e t p r s a a u r a , p a i a 
O s f d l z s r l a l a t p r a a s u r a , p o l a 
O p a r a t l n g a l t l t u d o 
O p a r a t l n g a t t i t u d e 

1 
20 ,750 
193 
0.00313 
r e g e n e r a t i v e (by f u a l ) 
24 
p y r o t e c h n i c poudar 
e n r b e p t ^ 
SO.S 

93% e t h y l a l c o h o l , 51 u a t e r 
l i q u i d ozygea 
a i t r e g a n o r e q u i v a l e n t 
90£ hydragaa p a r e x l d e 
222 
10 ,000 
33 
43 
uareatrleted 
«ars@trletad 

• 

Table 7 F l i g h t Suesa ry of t h s 71M.ag Souad lag Soch^t 

V&iag 
Me. 

3 
<3 
9 

e 
7 
Q 

6 
10 

n 
IS 
13 

u 

Ifmt) (ias^sa) Lasded ProysllBsH Patrfeari tawteg) (tmefc) (pawiaja) (»rtonW»l 

3 May 1349 

21 Ksesiabav IS8II 
11 ^ ^ e ^ n i ^ 1 9 ^ 
TAsguislSSI 

' 3 Jma less . 
13 Dnsrabsr l ess 
T iiUv 193^ 

«4 Mav ieS<3 
iWo^vanrimS 
3 Oamnba r 1999 
I May 1937 

4S.SS 

47.4 

4@J 
43.8 
4iM 
(IS 
•iS 
4S. 
•IS 
48.3 
47J 

33 
3g 
33 
SS 
33 
SS 
33 
4-5 
i i 
.iS 
•m 

<93 

e.us 
ijosn 
i.4aa 

lOJmt 
o.7ia 
SJIO 
^.313 
4.730 
s.(ms 

S.03S 
3.030 

7.Sg3 
S.3)0 
6.mi 

9.379 
n.T4S 
i).ai3 
i i j m 

12.010 

11.era 

4@4 
•SIS 

^ @ 
873 
373 

n'm 
ess 

33 
SA 

103 
IM 
40 

1 ^ 
4 

133 
139 
130 
144 
isep 
latp 

imi 
2.M0 
3.SS0 
3 J I 0 
2 . 7 ^ 
3 . ^3 

1.&80 

•i.W) 
4.083 

rTSo 

20.43) 
30.403 
30.490 
3 a 4 ^ 
ia.eon 

31.(m> 
SI .400 
21.JT0 

2l.4mi 
sojKn 
20Jie8 
21.4S9 

» Camo^ Vmiataasl c a r a r «.4ta4r rirwreaa. 

M.S 
49.3 
S9.S 
74 
T9 
70 
ri .8 
81 
S9 

l ( » 
103 
102 
103.9 
U9.9 

'̂  ^ S A S r . 1 ^ ^e£pa . 

SourcQS Vea i r a u a - O r t e a y Hloeegy e g a o e k a t r y aad Space Y r a v a l . 1964, 1969, 1973, 
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Figure 3-17, Location of Thiokol-RMD Facil i t ies 
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— <ss-r T. H-.1[;. 

by fsfsam s..iMmB«jig.a,aiaiA»Bii I, mncexs^ hi. wif,- ^ ^ 

H05«R3 Bm|X@», a eei^emti®, of th« Steta of a . l « « « . i « « « g 

herein called the Ssnaat, 

p79^e9S9e7« l%9ae«ia» Sfstrapŝ  Iae,) has baes oeeqnrtng the-px«m» 

lacs iierelrjertep ds®arlb«4 UBder L«e.e fsran tha £«ndlord ^ t e 6 

1 Vajr 19^9 aii u]rand®d°@M s^nsned frsai t is» to tla9« end 

UBESS^o ^ t h t&a efflsatlve date ei* t M . laascg nanal^^. 

1 Jum I960; I t ^ I X 8sgp®i98^ a l l prvTiou. and exl.tlnff la<B.aa, 

QSTQeBsnt© @nd eptimss o^issming tM laasiAg etf asid pm&aes 

by ths %n@n%, 

lo That t ^ £a»dlepd liarsis l«t0 te tha Tenant ead ths 

Tenant he£>(tby his%@ froza the Landlord^ a l l tJiose eertaln tsvets 

jj and pascal a of ins^o sltuatSs lyiar; snd bo ins in the Soroogh of 

'.' .'̂ .seitaway; in the Crojaty oS itopylSo snd la etto State of Hew 

l| Stivsî yg wra ^m® piiiB=®i@«iSiS'̂  das«srtb9€ as fsfiSoveB 

It 
i! azox^lKQ 8t e polat ^dvera tha nostherly side lia0 of 

1| Scliikle Avenye intet^eets the oastcfly ®4dffi Haa of SJjii StrMt 

as oJiesm aa si cap enti t led " ^ p of Property afe RpeitBwaŷ  Jl; J , -

belene.tns to B, g„ and 6o *̂« Stlekla -» eurrayede laid eat «wi 

dman by Levis Vass Duyi^ City SMrvoyog » ^ontosw K, J« —iSST" 

and riled In tha Mams County Clsrk'a Offlca «s AprU 6» 1898 

AS 2l£? c-172 in Cow A aM s'^mlnf ti»Re« (2 | slOBg said eaatorly 
oitSe u n s of Els 3tŝ ©% Jlojpth at dajppswe 3<S adanitwa E*8t Iffl-fect 

/ / ' 
• » 

• § 

o 
o 
M 

o 
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to a point) thane* (2) Sosth €7 tegraa. 10 alauta. But 850 fast 

to the waaterly aida llAa of Oak Straat} thanea (3) along ..id. 

tnaterly .Ida llsa of Oak Stx<««t South 38 dagraa. 50 oinute. 

Voat 125 feat to the Intaraaotlon of tha BBBB with uid northarlj 

aide line of Stiekla Avannai thanee {k) Uong aaid nertharly alda-

Itne of Stickle Avenue Korth 67 Oagreae 10 BdJntai V.n 250 feat 

to the interseotion of tha aaaa vith aaid esatarlr ilda line of." 

nia street and the point or place of BSdXBXIBa. 

asmo Lota .Voa. 37, 33, 39, kO exvX Hi aa ahovn and 

deaicnated on oald 7an Zhqma. 

\ 

SEZno the aaaa preniaea son^myed by and daaerlbed l a . 

a cer ta in deed from E<3irln 3 . Matthevs, Sxeeutor and Tfuatee of 

OeorE ê u. St lc iae and othera to Tliaama S* Itaathaota« dated 

June 24, 10^^ and reoorded Aiii^uat 23, 1944 in tha HOvrla County 

Cleric's Offlse in Book H>33 of Decda for aaid County a t page 333 

t.'icrcof 1 an undiTidad ana-half In t e rea t Hhereof was aarveyed by 

the said ihosaa B. Ileathoota unto Daniel nooknar« J r . . by daad 

dated August 25, 19^7 and recorded Septeaber 10, 1947 m aaid 

Ofrics in Sook Q^3 et paea 535 thereof. Tocather with a l l 

'julldinca thereon and attachaanta thez r to . 

2. Tha t e r a of t h i a teaaa abal l ccBBsnee cn 1 June 1Q60 

:' snd end on 31 May 1?S5. 

3 , Ths Tenant aha l l pay rent a t tha annual ivnMl of 

Ti.ont:--olx U-.cuaand 2sven r.unUrsd and no/lCO ($26,700.00) <lollar8, 
' i 

ll pa-iiJla in equal TiOnthl;' i r a to loen t s each in the «tUB of Tiro 
,i 

;, thousand two hundred twenty-flTe and ma/l^X) (^2,235*00) dollere, 

i in advance, cn the first d«-T of every nonth durlns aaid tern} 

I aaid rent auall be paid to niooaa B. Hcathoeta and Daniel 
i | 

I: Kloclnv.r, J r . 
i' 
|! 
I ^\. Tills Leaae la nade upon the followins covenants and 

;i 

conalderationa each of tihloh the reapeetlve partlea heroto acree 

-a -

a 

o 
o 
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to obaerve and parf i 

6 

(•) Vb0 AMaat BhaU hava tha right te UM t ^ xuA 

on the doaiaed pr«miaea for purpoaaa of parklag or atort^a or. 

si'.eh ot:«r use aa tha Stonant nay daalre, 

(b) All eleetr leal conneetleoa, aemee aad wiring 

installed in Aha bnUdlng. on tha p m l a a a will r « n i n fcr t te 

Tonanf. uaa and tea «HI«I« my rearrvita aueli.a^affnrt e«.apt 

service. The Tenant shall hove the right to InataU such othar 
o ^ « « % X > l . e a l • q i U p i — » » « mjte 1.% -*T- I I .W 1 1 - _ « . « _ . _ 

Tostmnt atiMXi. ixskwm «IM n« lk« « • .1 tmsm f eagr •Xeeivaaea enr tarwao 

i.i9talled b7 i t (including eleotrleal eqalpaant haretofora 

inotalled by the Tenant), 

(0) nie Landlord shall leave the present fanoing 

on the preaises and the Tanant ohall hava tha r l ^ t to uaa tha 

sasa for the protection of tha plant, d e Tanaat may, at i ta 

ovn expense, place additional fenolnc oa tha daaisad praalaaa: 

and sliall, at a l l tlaea« properly nainteln tha fwee. tba 

Tenant ahall have the right to reaiove froa tha daslMd prea-

'.ao3 tsiij additional fonolng placed thereon by the "Tenant 

(includlns fenoizis heretofore Installed by tl:e Tonant). 

(d) tha Landlord will persHt Tanant to conatruot 

aVt'ids, Is&n-toa, and inatallationa on any part of the dmnitaaA 

pronises. Tanant =ay. If tha Landlord approvaa tha e tmrel 

rilan, cor.3truct a tasporary addition cn the tain bulldlns on 

t̂ .3 dcala-'d prenises. Tenant flhall not ^a o'ollcatod to pay 

' any rontal at any tiae for tJ>B use of such aheda, lean-toa, 
I 

! installatlona or teaporary addition. At ths esplratlon of 
I 
{the Leaae, Ttinant ahall hava the rl^t te roaova aaid shad., 
! lean-tos. installations or toaporisry addition froa the dS" 
II 
Biaed praaiisas (including those haratefsre installad by the 

Tenant). Tenant ahall hava tha rl^t to emda and laadaeape 

-3 



:i 

j the dealsed prealaea. fajtmt ahMlx haw tha r igh t te coa . 

. »«"i«t P«*ing a w « on tha daaiaed p r e a l « a a t I t , can 
1; exponae. 
,j 

;: (o) Tenant shal l have the r l ^ t to ina t a l l what-
:, e-^r n „ t i t i o n l n « , p l ^ ^ n , , , „ ^ ^ ^ . ^ ^ ^ ^^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

on the d^nieed prea l . es as i t daem. neeeaaary for i t . p .«^ 

.ncse. and shal l also ^av, the n « h t te n a i . . « . H aodlf laat loaa, 

i n s t a l l a t i ons « r t r ea r r«„ee»„ ta malda t h . touUdlng. on 

the dcrurcd pr^nloe, aa I t dcenio n^ccs.arx to i t a r ^ g ^ . 
proviuiiiti tija cttruotvjmt of the D«.ldtnca te aaasMarlaCCr 
cffcctod. At m* e ^ i r a t i o B ef t h i s laaaa* M a a n ahal l 

have the r ight to rersve any pa r t i t i on ing , pluiftlng and 

ecuipcBnt ao i n s t a l l ed by i t ( laeludtng any heratefor* l a * 

s ta l l ed by the Tenant). 

j U) Tenaiit does hereby agroo to naka a l l intez-lor 
i, 

i-ep«X:-3 and vriil replace a l l G1**8 which nay ba broian on 

' tjyB daniged preoioea and tha Laadlord w i l l aaim a l l ex ter ior 

1 repairs except fanclns;. 

I (s) Subject to rer^ilatlona of tho approved local 
ii 

' aut i iori t ies and d i rec t ives of the Arnod Ssrvlees, Tensnt oay 

{ uso or permit whe <l3alaed proalses to bo vjni for offico spaeo 

, Gi' for tUo on^-ineerintt of or the aanufocfrurlai of oni' tj-pce 

ij of jooda and produeta, but Ttaant ahal l aa« uaa «a perol t 

,: thc dcniasd prenises to be used for ony other purposoa wlth-

I cut Uie ; . r i t ton consent of the Landlord. 

(h) I t i a hereby agreed tha t tha landlord aeoepta 

the i n s t a l l a t i o n s , rearrangsaBnta, aod l f l ca t ion . , ia^roveaento 

and chimcea heretofore aada by tha Tenant In t t e daaisad 

prea ises . At the end of tha t e r n of t h i . Lsaw* tha Tanant ^ 

ahall res tore the p r e a l M . to tha oondition of the pmaiMO 

exlscin,-; on 1 June 1S60 sutojeet t o tha Tenant 's rleltt te ^ 

reaove equlpnent e t ce te ra , aa apeelflad in th ia Lease. ^ 
o 

. 4 -
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(1) A a Tonant aay aa«i«a thi. Lao*, or i^-i.t or 

I uBdsr^a. .Old p,«t.„, or any part thamof. but only with the 

written conaent of the Uadlord. which aonaent win not be un­

reasonably withheld, and the Tenant »ay without eonaaat re-let 

tho Uase or und-r-let the preaises to an affllUte or sueoaawr 

of the Tenant harsundor. 

(J) Tba Tenant will, at ite O M eoat« SM^tly jin^iT 

with and perfom all atatutea, ordlnanee.. ordara, rsquiraasate 

CountT of NunlateaX oateei Ate** av aaeney ei _. 

affeoting said proalM.* Inemdlng tho lands 

providad however, that at tha Qonnanaaaaat of tha tei« of tbis 

Lease, when the Tenant enters Into po..as.ion of ths daalMd 

premiaee and the bulldlnga thereon, thara shall ba no vlolatlena 

thereof. 

(k) Subjaet to regulation, of tha Amad Sarvioaa* tha 

Landlord, or their agenta, ahall ba pemltted, Anting the tem of 

the within Leaae, to v l . l t aad exaalna the prealaea at any reason­

able hour of the day. 

(l) cnt l l otherwiae agreed, any notloe provided for by 

' thia Laaae oay be served either paraonally upon an exsoutlve of 
I ' i - . 

; the-Tenant or upon any one of the I«ndleirda, or may be eerved by 

the Tenant at the dlvlalon office at Pord Road, Danville, New 

Jersey, or to the Landlord at 6620 Eatero Boulovard, ?ort .layers 

Qcach, Florida. 

(a) If at any tlas daring tha tem thareof, tho TOnant 

ahall be adjudicated a bankrupt or an Inoelwent aarporstioai or 

If the Tenant shall coeveiaad Ita debt, or aaatffi It. a.tete or 

effect, for payasnt thereofi or if m y eaaoutien teall i.ma 

acalnat the Tenant or it. property «n the presd..ea, and a aal^ '- -

-5 -
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had thereunder; or i f a receiver or truatao ahal l bo appointed of 

the Tenant, or of i t s property, and said oppolntasnt 1 . not 

I; vacated within ten (10) day. a f t e r w\xoh appolntaant} or i f thia 
I; . 

'i Lease sha l l , by operation of law, devolve upon, or pasa to any 

person or parsons other than the Tenant (ezsapt aa a r e n d t of 

raarccr or conaolidatlor.), then and in any of waah oontingeneiaa, 

, th is Leaae sha l l , a t the option of tha Landlord, ceaae and casa 

|. to an end, five (5) Caya a f t e r wri t ten notloe to tha t effeot shall 

il be oerved by ths Landlord upon the Tenant, or such receiver or 

tz-u3ten a t t h s d i v i s i o n of f l e a . Thereupon, e t Xb» t sA e t • a i d 

i five (5) day period, tbe Laadlerd ahal l lassedteWelT ^Maaa «a-

< t i t l e d to repoascos said premises, aad re -^n te r tha aaaa aa of i t s 

|i fomcr e s t a t e . 

(n) Upon any breach or v io la t ion by the Tenant of aay 

of ths terms, covenants or conditiona of t h i . Laaae, oontlnulng 

for a period of tuenty (20) daya af ter wr i t ten no t ice , the Land­

lord r-aj, at the i r o lso t ion , t emina te^ th ia Leaae, and upon suoh 

elect ion, th i s Lease, and a l l the es te te of tea Tenant In said 

premiaes, ahall casa to an end, aad tha LOMllord aay thereupon 

'„ rc-«intar the said prenises aa of i t a former es ta te ) provided, 

however, that tha Landlord :ay a f t e r sa id t««nty«day period 

j i n s t i t u t e dispossess proceedlnga for the non-payasnt of any rent 

, due hereunder, without the naeeaalty of s\ich not leei and provided 

, further that i f the breaah or v io la t ioa by tha T n s a t n l a t e . te 

. cny covenant other tiiaa the payasnt of r en t , then t ho Lndlord 

: ohall not bo en t i t l ed to e lec t to tomlna te th ia Laaae unless t.he 

j Tznant Tails , within aaid period of twenty-days, to begin to 

remedy the breach or viola t ion coaplalnod of, and thereaf ter 
!i 
i f a l l s to dili<:or.tly cai^la ta the resadylng thereof. Any waiver 
'I 
,, by thc Landlord of any breaoh ahal l not bo deesisd a valvar of 
•j 

: any s i a i l a r or other further breach. Iha r lgh ta and prlvllagea herein 2«aerved shal l be, in addit ion to any 

t^a Landlord, in the Courta of Low and Equity. 

dy afforded to 

y : ^ y 

' • • • < > -

\ • • 
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I; 

w 
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(o) If tha pfQsiDOQ Qhaia, feooe^ ^ Q ^ ^ ^ S ^ ^ ^ ^ S Q t s i i 

tera« or if MM T:naat aiiail bo dlBp©@esB@®4 or Fmm^<§i. fg^sx i» i€ 

prcEiooOo or tho frasa h©s=a©f shal l oa i p r l e^ t© tfes @^4Mifei®a 

dat4) flSQ^ heroin beeoutx? of aay QC^ OK' m&BBi.^ ef ths ftenosjtp 

or because of the happening of any o®ieiBg©ney c^ w^mt h©s^ia 

providad for or becsusQ of Uim e lae t lon ©f th© 2<Mda®ip«l p u r s s i ^ 

to the tersaa hereof, tha Tenant deso hereby aatheris© tho Laado 

lord, at i t a option, to ro-onter tha s^ss ss a ^ n t of ths Tos^sit, 

or fcr i t s own account, or othorwlsop to r3=>l®t t t e aaaso aad t© 

raRna,-s» ope^'otr:, repair or renodsl tho ssaao i f nooasoory or 

daeirabl© for rs-lotfelng; purpocssBo as8€ t© s'̂ â mt,"̂ ® ^ ^ B ^ l y t&3 

rent so resei^Td to the paymsnt of tha coets of su«h ^uteglosD 

operatin^o repairlngo reaodsllng or re^lotfelngii ®M ths ISSSOQSO 

if ajsŷ , to tho rents duo hox=Qis}das»o 51sa T@mm^ s M l l ase Bo 

e n t l t l s d to any otxrplua ases^is^ es a s^isult of m ^ m)°liB'^^S:^o 

but Qhfflli rsaolQ l iablo fe? ssay dsfisitaaeyo fh© fsiaant having 

onco Qbondanod or voeQtQfi tho psamiess ^ iy ne^ rsc^ntsr t to o s ^ 

oltheafe tho u r l t t o a eejiEora'§ ef %feo sassiies^o 

(p) Nethiag haKiia eoafeolRM mmll. b© geastg^sa^ OB B 

consent 3n thc part of tho Lon^ord te sud^sot tSts esMto @$? th® 
I 

Landlord to l i a b i l i t y undor tho rtaehsnles' Llsn Mm of tho S^ate ! 

I of %a Joroey, i t being o^rsQaly understood tha t th@ Londlo^dn* 

Ij C3tcs,€0 sfeQll not be subject to such l l a h i l i t y o 'Silo provlalon | 

j! ohall h§oovoPo bo offootlvo ^y^r^asa €M3 g53(̂ ®@% t® 'E^HF^CSB W^W^ I 

; f o r ^ d cr na t s r l a io auppllod a t tho iriitane© ©f th© 'Fsnaato 1 

i 
(c;) 1.1 cass tho dssised presslsoQi, or any pert thereof, | 

a.aall be dsosged by firoo or tho (8l@S3nt0i> t i^n \ 
I 

(I) £n caco sueh d c s a ^ eiioais be g© o l i ^ t oo ; 

not t© in tar fere ouhotaat la l iy s l ^ tfea u o &y f̂ea fsaassS ©? th© 

dealeaid preaioooo tho Lssji3,eg>(3 sha l l g'opais' ths (iasei© QB c^KDdily 

; 80 poaolble, oafi thoro o&Qi2. feo n@ cs&attii^sit eg" ^mmti &aQ i f 

(3) Such ISDSSSS &&@aX& s^safer t t e dsal isS pf^sslees 

I untensntahle in rfimlQ or i a porto c^tho^ut eoaaalns a t o t a l &§g° 

° 7 •= w 
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t ruction t.^erecf, the Landlord sha l l r e p a i r the aaa. a . spaadlly 

aa nesslble, and there shal l be an abataaant fvoa the date of tha 

f ire un t i l such rs'pairs hav9 b^sn Tubr taa t la l ly eoiviate , of so 

:T.'v':h of t.^s runt as this r en ta l value of tho untenantable portion 

of the nrrmises shal l f-nlrly bear to the ront of the en t i re dsn-

la'td preniaea. 

(3) In case of a t o t a l daatruotlon of tha present 

r?ain building on the (tealBod prealBea, th ia Loaso shall t smina te 

t rn (10) dai'3 a f te r e i t he r par ty sha l l earvo v r l t t e n notice to 

that Affnet upon the o ther , a t whioh t l a s tha fMsppi.** r ic t t t s ta -

poosession sha l l ceaae and ecaa t o aa end. 9)a TsxHat aba l l . pay 

a l l rent to the date of such daatrufltlcn and tho Landlord rtuOl 

repay to the Tenant a l l rent paid l a advnwo beyond n o h date 

including so nuoh of tha seeur l ty a . sha l l not havo been applied 

to the monthly r en t , aa below providad. 
il • " -

( r ) The Tenant agreea t o reaMVo or eauaa to te 

I' removed, aa the need fer the saaa eaiaaa, a l l anov and lea froa 
;i 

:' the sidewalk in front of the dealaed prealaea and wil l Iceep tite 
ll 

jj ssid sidewalk clean, and froe froa any and a l l f ix tures , 

I obstxTiotions and enounbranoea and w i l l deposit ashes, garbage 

j. and other refuse in px>oper covered reeeptaolsa , and the Tonant 
|! further agreea tha t i t alone ahal l bo l i a b l a for any daaage or 
•i 

^njui"/ to p'^rson or property caused by or reaul t lng froa any 

' fa i lure of thc Tvaont to conaly wtte tba pwartatena sf t h i s 
,1 

:' nlause, and tho T-nant screaa to indennify and save tho Landlord 

;i hamless fron all loaa or daaage romltlng therefrom. 

il 
'I (s) The Tenant will pay all parsonal proporty taasa 
|i 

jl assessed on its own personal property aad will pay all oharcsa 
i' fcr water, sas and eleotrielty used by tha Tenant* Tha Landlord 
i! ! 
': trill pay all other property taas. and ^loolal a8M.aBnt. and all | 
'\ insurance cn the land and bulldlnga. The Tenant ahall pay the 

I' Landlord, aa additional ront, twenty-tbreo and 67/100 (23.6T^)V » 

* o —-
o 
o 



_ • ^ J f t -

peroeat of m y aaeunt by which tha annual proporty t a n a 

payable by tha Landlord in any year of tha tera axsaed. tha • 

property taxss assessed for the year 1959 (naMl / , $5,058.30). 

In the event of a reduction of taaea. Landlord wi l l pay 

Tenant twenty-three and 67/100 (83.67f) percent of the 

anount by whleh tha annual taxaa aza reduced below the 

t a » 8 aasessed for the ywar 195^ (naoaly, l5 .0« .8O) . . 

( t ) Tha te roa , covenants and conditiona of the 

within Leaae ehall te binding upoB« asd asMra te, t t e boas*-

f i t of eaeh of the pa r t l ea he re te , tOtelr r a a p o o t t w eaeoatoas^ 

ada in i s t ra to r s , suooeasora and aaalspui, a . t t e oa.a aay be , 

- 5 . Tenant sha l l have tha option to purohaao the 

land and bttildin^s ecevrialng the aforesaid presdaoa at any 

t iae during the t e r a of t h i s Leaaa or any renewal thereof 

for the sua of One hundred eighty-two thouaand a ia hundred 

sixty-seven and no/lOO ($182,667.00) do l la rs u n t i l 1 January 

1965, at irhioh t iae Tenant shal l have tho option te purchaaa 

the aforesaid land and buildings for tha sua of One hundred 

seventy*five thousand and nc/lOO ($175,000.00) dol lars 

during tha rasaandsr of t h i s Lease, including any renewals 

thereof. Tenutt w i l l give not iee of e lec t ion under th ia 

ootion at l eas t ninaty (90) days before tha data of th« 

axarolse of t t e ^ t l o n . 

'3. Tonant shal l have the option to renew t h i s Leaae 

far an additional five (5) year period froa 1 June 1565 to 

31 May 1?70 under the soas term, and conditiona herein , . 

except tlie ren ta l herein sha l l be increaaed by tan (10^)^ 

percent . Thia option voKf be exercised by Tonant giving 

wri t ten notiee te Landlord by n a i l before 1 Septeodber 1964,' 

a 
..- 9 — 



7. I t is alM stipulated aiftd agrood by aa* tetmon 

Landlord aad Tenant that t t e Leaaa aads horatafte* oa or 

about 1 itey 1949 and the awanrtsaata t teaste and a»veiaas 

of option thoreundar w t U t e caneellad and teradnated in a l l 

respeets upon t te caoBaneeasnt of t h i . LaaM en 1 June I960, 

IK winiBSS WBBRBOV, t t e part ies tuno teswsxte set t t e i r 

handa and seala, and t te e<vporate pavttes hoxate tasvs oaitas* 

these preoenta te be esneutod by t t e ip doly satboriaad eaaeatlvea 

and o f f i c e r , and t n e l r c o r p o r a t e s e a l t o to* h e r e t o oTflxed. 

SIOHBD, ff'^w** AID 0BX2VBHD 

IS TSB TRBSERCB OF ^ —mmamoBBBnr 

' ^ a a w B Tt ggAfBegpg ' ' 

'''^''^iumk'£!" L.a. 

T S Z O n L CHEIGCCAL CQHFOHATZOH 
SSAOTZOS (VrORS 0 I 7 I S I 0 K 

AnSSTt 
aor 

U>^ •h^i 
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. ST&SK^OKXBV ISSSSI) 
I sd.t 

BBZ IT- ItLHtJgyyjtf.P; -.•; : a t : on: t h i . J v t l , flay ^ , - fsi 5\«.v«-.i-''<*-

in-. the- year- o f our. Lord Ono Ktousand- Hlna Bundred md Tlfty-Bina, 

before: oBt ̂  tte^aub aerlbar ̂ . 

personally-appeired ^OXAS.S. KSATBCOflCand-BUNSBS 2. BSASOOTS, 

his.wife-, who, I aa satiaflad, are t t e Landlaords aant ionidia : t te 

within Xhstruacnt, to whoa i : f i r s t aade lewwn t te eontenta t te j«-

ofi. end-ttereupon ttey aekQa«ladg.d-tbat:tbs^:ttaMd« aMla4-«Bd 

telivozad t t e saas a . t t e l x waluatavrsst 

and puzvosea therein eapreaaod. 

.": J 
^ M k * . \ . ^ . 

.'i 

NOTARY PUBUC Oy^Nj. 

a 

o 
o 
to 
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I 
) 

S8.t 
CCtJUTf. OB. HOnHZS. 

ssriT:".zrEaSEED> Teat on this^vw. day of-lO ^-j 

1.1 tha year-of cur Lord One Tlicusand TTlne Eundred and Flfty-nlca, 

t s f orej at",... tbo:: aubserlber^ 

personally-appeared OAKIEL KLOCEHER, JX, ead KMOBA 8. ZLOCXIZSR>. 

his .wife, who, I ' a a sa t l a f i ed , a ro - t t e landlords aantioaed i K t t e 

within Ihatrcossnt, to whoa Z ' f l r a t -na te known t t e oontenta. t t e r e ^ 

of̂  and theroupon t t ey acknewladcsd-tbat tbsy al4psd# ooalad^aad:-

delivered t t e aaaa aa t h d i r T o l v n t u r M t sad «te4W-fir.fK*-! 

and purpose, t t e r e i n exprs . .od . 

/ ; PA. 
ll-
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STATE OV n « JSRSS?) 
I 

coxmrr of Noraizs ) 
SS.a 

3E IT REHEMBKRBD, That on t h i s l^th day Of December 

in the ysar of our Lord One Thouaand Xina Hundred aad F i f ty -mas , 

before oe, the subserlber, a Hotary Publla, porsensUy eppearod-

WILLIAM P. CAHPBKLL, JR., who being by aa duly svom on h i . oath, 

says that he i s the Assistant Seeretary of Thiokol camaleal 

Corporation, Rosotion Motors Division, t t e Tenant nawd in the 

foregoing inatruasnt i t t e t te wall kaov. t t e oorpoiTate sosl of 

ssld corporation! t t e t t t e seal aff lasd te as id 

ths corporate seal of said eorporationi t t e t t t e aaid aaal was 

so affiasd and the said inatxaoBant aigned and dalivorsd-by 

2UVXX0RD W, 701)110, who vaa at t t e date t t e ivof t t e Oonarsl JOmacsr 

of said Thiokol Cheoieal Corporation, Raaation Hotor. Divl . ion, 

in the presence of t h i s deponent aad said General Xanagar, at t t e 

saae tims acknowledged t t e t he aignad, sealed and tellvered t t e 

saaa as h is voluntary aet and doed, and as t t e roluntary aot and 

deed of said corporation, by vir tue of author i ty froa i t . Boaz4 of 

Directors, and t t e t deponent, at t t e sasa t i a e , subaerlbed h i s 

naiae to aaid i n s t r t a an t aa an a t t e s t i ng witnaaa to t t e execution 

thereof. 

•"5 

UHHAM P . fliWBBLL, JR."" 

Sworn end subscribed before ae 
at Denville, New Jersey, 
t t e date aforeaoid. 

•'. - '• . . . . . / i ' • — f r - ^ ' ^ ^ 

"""""""""""^"""TIoEE^TRSlIar 
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STAti o r NIV 

COOlffT OP 
S f . t 

BB IT RBNDBnBD, T t e t On t h i s i 4 t h dsy Of December 

in t te y^ar of our Lord Ons Thoussnd Kins Kundrsd snd rifty^^iiaSf 

before as , t te mteer i te r , a Notary rtfeUa, iisT.wanj oppaarsd 

wnUAM P. CANPBKLb, JR., who being by as dal^ w i n on bts estb, 

says t te t te la the teaiatsnt teeiatary of Tblokol Cbaaloal 

Corporation, teaetlon Motora Dlvialen, t t e Tenant naaed in the 

foregoing inatrtSMnti t t e t te wall kassa • t t e -^fmfitmfi^jfuilik nf ^. 

said eorporatieni t t e t t t e aoal affUad to aaid iastruBBat i . 

the corporate seal of said eorporstiont teat tba Mid MOl m s 

so affixed and t te said inatr tmnt .i0Md and dallvarod by 

RAynORD w. YOOm, wte waa at t t e date ttereef t t e Oenaral Muiagor 

of aaid Thiokol Cheadsal Cos^oratlon, Rasatien Notem Dlvlalon, 

in t te preaeneo of this dsponsnt sad said OsasraS; Wwagsr, s t t t e 

saae t las aokaovledged t t e t te aignad, soalad and dsllvsxs* t t e 

ssas aa hla voluntary aet and daod» and as t te valsatary aat sad 

deed of said eorporation, by virtus of authority ftea i t s Board of 

Oiraetors, and t t e t daponaat, a t t t e Maa t l aa , mbMrlted h i . 

naaa te asid ins tnaant as aa attesting vl tasss te t te aaseutiea 

thereof. 

-^'.r 
"'̂ iU-H?, 

CAWfBSil, J f t ^ " " 

Sxforn end subaerlted before ae 
a t Denvi l l e , New J e r s e y , 
t te tete aforaasid. 
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100 MoWo Avonuo 

GROUND/WATER - A ^ ' " 
T C P ' l J K i r M r S t ^ S f i i k l O Wockawsy, NowJaraoyOTlM 
I C V i / n r M V i ^ L . W U T | i n i U . (2OI) CIS-SSSS or (201) iZ7.2100 

J u l y 3 , 1986 

Mr. Michael Suroweic 
N.J. Department of Environmental Protection 
Bureau of Industrial Site Evaluation 
CN-028 
T r e n t o n , New J e r s e y 08625 

Dear Mr. S u r o w e i c : 
I 

SUBJECT: MASDEN INDUSTRIES - E.C.R.Ao CASE #85551 

At t h e m e e t i n g we had on s i t e w i t h Mr, Ted Hayes of NJDEP, 
s e v e r a l q u e s t i o n s w e r e r a i s e d by him c o n c e r n i n g t h e h i s t o r y of 
t h e s i t e . T h i s l e t t e r i s in r e s p o n s e t o t h o s e q u e s t i o n s . 

The main b u i l d i n g was c o n s t r u c t e d i n 1946 on wha t was an open 
f i e l d ( r e f e r t o S i t e P l a n drawing 85508-1) . Nex t , a n a d d i t i o n was 
b u i l t b e t w e e n 1948 and 1950 ( p o r t i o n a l o n g Oak S t r e e t ) . The 
s h i p p i n g / r e c e i v i n g a r e a by t h e l o a d i n g dock was added abou t 1962-
6 3 . And f i n a l l y , t h e p o r t i o n c u r r e n t l y o c c u p i e d by Masden was 
b u i l t in 1964. The f a c i l i t y has a l w a y s been c o n n e c t e d t o p u b l i c 
water and s e w e r s ; t o Mr. K l o c k n e r ' s knowledge , no w e l l s or s e p t i c 
f i e l d s w e r e e v e r on t h i s s i t e . T h e r e a r e no r e c o r d s of s o i l 
b o r i n g s t aken on any p a r t of t h i s f a c i l i t y . 

There a r e two known c o n n e c t i o n s t o c i t y s a n i t a r y s e w e r s : one in 
t h e main o f f i c e a r e a a l o n g S t i c k l e Avenue, 1946; t h e o t h e r on Elm 
S t r e e t from t h e Masden a r e a , 1974. 

The s torm d r a i n in Masden's p a r k i n g l o t was i n s t a l l e d abou t 1972. 
The p u r p o s e of t h e a r e a of newer p a v e m e n t was t o r e c o n s t r u c t a 
low p o r t i o n i n t h e p a v e m e n t where w a t e r w o u l d p o n d . T h i s was 
d o n e i n 1 9 7 8 , and t h e c e n t e r c a t c h b a s i n was a d d e d a t t h a t t i m e . 
There were neve r any t a n k s in t h a t a r e a . 

The i d e n t i f i e d w a t e r w e l l s i n t h e a r e a a r e shown on Drawing 
8 5 5 0 8 - 1 . 
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Mr. Michael Suroweic July 3, 1986 
Page 2 

Finally, the floor pit, where the fuel lines from tank number 3 
came into the building, will be filled and sealed if it is 
permissable to do so. 

Should you require any further information regarding the site, 
please contact us. 

Very truly yours, 

GROUND/WATER TECHNOLOGY, INC. 

Gari*̂ J.*t;iuen 
Sr. Hydrogeologist 

GJC:gw 
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MORETRENCH. "^'^ ^^^^.f^^^.^w 
ENVIRONMENTAL 
SERVICES, INC. 

100 Stickie Avenue Rockaway, New Jersey 07866 
(201) 627-2100 

July 23, 1987 

Mr. p^n NaUbone 
N.J. Deparrment of Environmental Protection 
Bureau of Industrial Site Evaluation 
CN 028 
Trenton, New Jersey. 08625 -, 

RE: Masden Industries - Multiform Metals Division 
Klockner & Klockner Property 
Rockaway Borough, Morris Coxinty 
ECRA Case #85551 

Dear Mr. Nalione: 

Results from the first roxind of sampling of monitor wells at the 
Klockner property has revealed the presence of volatile organic 
compounds with concentrations reuiging from 23 to 388. parts ^ r 
billion (ppb). Only four volatile organic compounds have been 
idenrified: trichloroethylene (TCE), tetrachloroethylene (PCE), 
t 1,2-dichloroethylene and bromoform. Volatile organics were 
found in each of the six wells. 

Testing for petroleum hydrocarbons and base/neutrals on the three 
shallow wells all came back as "xindetected". Testing for 
priority pollutant metals on the three shallow wells revealed: 
Arsenic (.004 to .014 ppm). Chromium (.009 to .028 ppm). Copper 
(.04 to .07 ppm). Lead (.09 to .047 ppm) and Zinc 
(.09 to .17 ppm); the other metal compounds were "undetected". 
All metals were within primary drinking water standards". 

A summary table of testing results is attached. Ths second rô .ind 
of well sampling will be scheduled shortly. As part of the 
second roxind of sampling we intend to include the two NJDEP 
monitoring wells located te the north and south of the Klockner 
site. We will be in contact with Mr. Bob Gallagher shortly to 
schedule access. 

As a result of the first round of sampling, it is apparent that 
the only contamination present is volatile organics. We request w 
that the second round of sasipling be limited to volatile organics ^ 
only and that testing by GC scan instead of GC/MS be approved, 
since the four compounds of interest are known. o 

to 

to 
to 



o * « S J « I I I 

SERVICE MCTAl Y 

FABRICAIING 
BLDC. 12 

6 f t . SECUMTY 
TEMPORARY TRAILER STORAGE —» y ~ ~ FENCE 

. ^ 

ULTIMATE 
COMPUTER 
SERVICE 

GRAVEL 

BLOC, i: 

Parking 
ASPHALT ' 

H O I S 

- A S P H A L T SHOULDER G A T t 

T ; . 1 

TK. 2 

3 0 FT 
STORH WATER SCUfR 

U K »!•.( f I 

Scale 
I " : 

BLOCK 15 

L o t N o s . 1 a n d C 

" ! « : " * ' ' 

t 

PARKING 

BLOCK 17 

L o t N u . e 

i 8 0 0 f t . t o CAHAL 

DISCHARGE POINT 

3^ 

300 AMa 
- ^ . j , e r i l l O C ^ ^ r f O t ^ 

KIOCKIJER & U O C m R 

'At 
h i l l 

PROI'IRI u ^11^ 
( ^ rwi i i i r>M'. inu IK niJCKO'̂ JY.'•»-: 



•I 

fy^Hir^vThJo. B 

• k 

SITE P L A N S 

REACTION MOTORS DIVISION 
THIOKOL C H E M I C A L CORPORATION 

D E C E M B E R 1958 
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SITE PLANS 

THIOKOL CHEMICAL CORPORATION 
REACTION MOTORS DIVISION 

30 June 1959 
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I 
•I INTRODUCTION 

Thiokol Chemical Corporat ion, React ion Motors Division is organ­
ized, staffed, and equipped with, personnel , equipment, and facilities to. 
provide r e s e a r c h , development and test ing for rocket engines, compo­
nent p a r t s , and propel lants . It is a l so geared for the production of 
rocket engines and component p a r t s for a i rcraf t and guided m i s s i l e s . 

Reaction Motors Division occupies 486, 538 sq ft of covered s t ruc ­
tu res including test a r e a s on approximately 350 a c r e s of land. P re sen t 
plans call for an additional 69, 269 sq ft of covered a rea to be available 
during 1959. Figure 1 shows the geographical locations of the various 
RMD faci l i t ies . 
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Rockaway - Building No. 10, Pine St ree t , is a masonry steel framed 
building leased to RMD. This single s tory building is located on 10 ac re s 
of land and can readily be expanded for production facili t ies if the occa­
sion demands. A catapult assembly facility and storage now occupies the 
building. 

Utili t ies Available - Usage and Expansion 

Utility 

Water 
Electr ic i ty 
Sewerage 
Steam (Heating) 
Compressed Air 
Natural Gas 

P re sen t Usage 

ISgpm 
100 kva 
4 in. Sewer 
100 hp 
300cfm 
Negligible 

Available 
for Expansion 

65gpm 
200 kva 

175 hp 

4,000 cfh 

0 

B 
Q 

Rockaway - Building No. 11, Pos t Office, is a cinderblock, stucco 
building. The second floor is leased for use by Division and Corporate 
service type offices. 
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Rockaway - Building No. 12 is a steel f ramed, concrete 
block, two-s:ory s t ruc ture . Building No. 13 is a s teel 
framed, concrete block, single story building with a p a r ­
tial basement. Building No. 14 is a two-story wood framed 
masonry building. These three buildings a r e leased to 
RMD. Building No. 12, houses Engineering offices, cafe­
teria and se rv ices . Building No. 13, is also used for 
Engineering offices and se rv i ces . Building No. 14, is 
used for Turbopump Lab and s torage . Adequate util i t ies 
exist for these buildings with capacity for a much higher 
electr ic demand load available for any future manufacturing 
requirement . 

F igure 2B 
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R E P O R T to the Shareholders of 
Thiokol Chemical Corporation 

The accomplishments during 1958 are reflective of the loj^lty, 
know-how and energetic teamwork of all the employees of the Com­
pany, numbering 7,444 at the year end. The results of this splendid, 
cooperative effort are indicated in the sales of 588,993,121 and net 
profits of $3,007,699 for the year 1958. the largest in the history 
of our Company. Based on the 1,465,973 shares outstanding at the 
year end. net earnings for 1958 were the equivalent of $2.05 per share. 

In March we acquired certain assets of the Hunter-Bristol Corpora­
tion whose primary facilities were located at Bristol, Pennsylvania. 
The principal objective was to obtain additional facilities to jdleviate 
the congestion at Trenton. The Chemical Division established 
Urethane Laboratories at Bristol early in the year and in September 
the Executive Offices of the Corporation were moved to the newly 
acquired site. Facilities for the production of pre-packaged liquid 
rocket engines are now being readied at this new location. 

With the approval of stockholders, on May 1 Reaction Motors, Inc. 
was merged into Thiokol Chemical Corporation. This merger greatly 
diversified the Compan^s activities, facilities and capabilities and 
placed it in a very strong competitive position to serve the require­
ments of the Department of Defense for both solid and liquid propul­
sion S3rstems. Pursuant to the provisions of the agreement of merger, 
Mr. T. F. Walkowicz, Technical Advisor to Laurance S. Rockefeller, 
became a Director of the Company. 

In January 1958 our stock was split on a two-for-one basis following 
the stockholders' adoption of a proposal to increase the authorized 
capital stock from 1,000,000 to 2,000,000 shares. Through the 
Subscription Offering on the basis of one new share for each 12 
shares of Thiokol Chemical Corporation Capital Stock outetanding 
on September 17, 1958, 106,669 shares of stock were sold at the 
subscription price of $42 per share- In October we again declared 
a 5% stock dividend. 
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CHEMICAL DIVISION' 

Our Chemical Division has continued 
to expand through new markets, additional 
products and the growth in consumption of 
our products by established outlets, all of 
which led to total sales of $10,443,740, an 
increase of 43% over the previous year. Pro­
duction at both the Trenton and Moss Point 
Plants was carried on at an increased rate 
during the year and production facilities at 
both plants were expanded. At the year end 
398 people were employed by the Chemical 
Division, 60 of whom were located at Moss 
Point. 

DOCKET DIVISION 

All of our solid rocket plants have been taxed 
to capacity during 1958 and facility expansion 
programs are vigorously under way at each of 
the four locations. During the year the num­
ber of employees engaged in work at o' 
solid rocket divisions increased by 2,435 
4,877 at the year end. Acceptance of soli 
propellants for use in the larger missiles is 
one of the principal factors indicated by 
the increased activity reflected in the 98% 
increase during 1958 bringing our sales in 
the solid rocket field for the year to 
$45,954,066. Sales of Reaction Motors, chiefly 
in liquid propulsion, totaled $31,212,793 for 
1958, an increase of 28% over 1957. High­
lights concerning the divisions engaged in 
rocket work follow. 
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To meet the increased workload construction 
was started on 57 new buildings or building 
additions in the manm'acturing and testing 
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on which operations are carried out in more 
than 30 buildings. To meet the expanded require­
ments for solid propulsion systems, a $3,600,000 
government facility expansion program, ap­
proved during the latter part of 1958, will add 
nine new buildings and place approximately 300 
additional acres under the area assigned to 
TmoKOL. At the year end 1,809 employees, a 
large portion of which are scientists, were en­
gaged in the work of our Redstone Division. 

LONGHORN 

The activities of our Longhorn Division are 
conducted at the government-owned Longhorn 
Ordnance Works near Marshall, Te.xas. During 
1958 the volume of business increased by approx­
imately 92% over that of the previous year 
while the number of employees increased ap­
proximately 51% to a complement of 1,352 at 
t;he year end. Government facility expansion 
programs completed in 1958 increased the value 
of the facilities in operation by approximately 
$1,500,000. During the latter part of the year 
an additional facility expansion program of 
$3,500,000 was approved by the government. 

REACTION MOTORS 

The Company's liquid propulsion work is con­
ducted by the Reaction Motors Division with 
facilities located at Denville and Rockaway, 
New Jersey which are owned in part by the 
government. As a result of development efforts 
pioneered by the Reaction Motors Division in 
the field of packaged liquid power plants and 
because adequate facilities were not available 
at Denville and Rockaway, it was decided to 
establish at our Bristol location a facility to 
produce packaged liquid engines under contract 
with the Navy. At the year end the Reaction 
Motors Division employees totaled 1,815. 

The dispersion of our Rocket Division activities affords close 
contact with the prime system contractors and the other 
segments of the missile industry with concentrations on the 
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MISSILES 
'with motors by 

FAtCON. An example of e true solid propellant guided missile 
powv plmnt, the motor (or the Air Force's FAITON wms 
daveiopM by TmoKOL in eonjunetioa with the Uughes 
Aircraft Company. FAICOS air-to-air mianlea using thia 
motor became operational early in 1956, and are now part ol 
tJJSLKS. standard armament. They can be carried in quan­
tity by interceptor aircraft, launched miles from the target. 
They ar« fired and guided electronically. 

< 

OPERATION FARSIDE an early venture in spatial research. 
lo i t a mas-mada object some 4000 miles above the earth. 
Laandhed from a balloon at 100,000 feet, the Farside rocket 
r«iied oa four TBTOKOL solid propellant RECRUIT motors for 
its first stage, and a single Rscs tn r for its second stage. 
The project helped space science gain much data which has 
eontribated significantly to subsequent progress. 

X-17. developed by Lockheed Aircraft's Missile System Division, 
ia tha workhorse of America's rocket research program. This 
r»«Btry test vehicle is powered by five solid propellant motors 
dareloped and produced by TBIOKOL. They provide the high per-
fonnanoo needed to help anaww the problems of air friction at 
hypereouic speeds and the accompanying temperatures. 

X-1L Amarica's first manned rocket. Designed to carry a human 
baiac to tha fringes of outer space, it will be powered by a liquid 
rockat oigiaa built by TBIOKOL'S Reaction Motors Division, and 
capable of davtioping an estimated one-half million horsepower. 
Tma pUot-controllad vehida for spadal expioratioa and research, 
produoad by North American Aviation, stands aa a joint venture 
of tha Air Force, Navy, aad NASA. 

w 



LACROSSE. Motor for thia highly accurate, general support field artillery 
guided missile was developed by THIOKOL under Army Ordnance 
contract. Fired from a truck mounted launcher, the missile will 
replace or supplement conventional artillery. Produced by Glenn L. 
Martin Co., LACROSSE is designed for close tactical support of ground 
troops, is capable of carrying area type warheads, accurate enough 
for destroymg hardpoint targets. 

SERGEANT. .K solid propellant surface-to-surface ballistic guided missile 
able to deliver a Duclear blow deep into enemy terrain and invulnerable 
to any known counter measures. SERGEANT—superior in power, 
range, accuracy—can be put into action more quickly than many 
other weapons systems. It's transportable by air, can be fired under 
ail condiciona oy a small crew. SERGEAMT was designed and developed 
by Jet Propulsion Laboratory and ia being produced by Sperry 
Gyroscope Company. 

NIKE HERCULES. America's second land-baaad, combat-ready, surface-
to-air guided missile system. Designed to intercept and destroy 
targets at longer ranges and higher altitudes than its predecessor. 
NIKE HERCLIXS represents the joint efforts of Army Ordnance, Bell 
Laboratories, Western Electric, Douglas Aircraft, THIOKOL and 
numeroua subcontractors. 

MATADOR. Thia Air Force tactical missile operates surface-to-surface 
at subsonic speed ranges. Maaufactured by the Martin Company, 
it ia launched by a THIOKOL booster rocket which was developed and 
ready for flight test in the short span of 10 months. MATADOR is 
electronically controlled by ground personnel, is highly resistant to 
counter measures, can b« deployed over wide expanses of water, wiU 
deliver an atomic warhead. 

6UARDIAN I AND II. Pre-packaged liquid 
rocket engines developed and produced for 
the Navy by the Reaction Motors Divi­
sion of THIOKOL CHEMICAL. They're fac­
tory fueled, include entire engine system, 
can be held in ready state for extended 
periods of time. Safe, flexible, this revolu­
tionary liquid rocket engine development 
eliminates propellant handling in the 
field . . . lends itself to many missile 
applications. 
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t'Aktun hii-isidii 

.Siilrs of 1)111 l!lkl(iii DiviMiiii iiKicMMcl ()2M (liiniif; !'>.')'>, 

l i l k h i n ' s S a r v |{t:(r(if^r;ul(! lui k t l <iif;iiit: <v|>ir:il(:il MH < Ohslnlly 

l<» r<;liirii OtMovirriM VI I I l i m n or l i i l , iiiid lln- i t r l rnj^i .nic 

r o r k c l wli ir l i will l i r l p c r i s i i i c l l ic >;ifir i r l i i i n f mrii oi liil of l ln: 

Mt.Tcnry A^dnii i i i i l w j s <l«:sif;iii-ij, i iMiii i lari i in 'cl ;iiiil s;ilir.(jr 

l i t r i l ) I c s l l i n - i i . A l l l i l k l n i l r l l f ; i l l < - u . i - . - IK I ( - - ( i i l l y l l i ; ; l l ( l r - . | i i l 

;i-> I In- funr l i i >l,i^r ul N \ S W |iiiijt r i Sli i>ii^.mii, wlm li III.KIC 

a l l l i i » | i l l t ' l i r i i l w i ' i \ . l l l i i i ) > ;it .III . l l l l i i n l i ' III | ( H ) ( ) | l l l | l ' - ^ . 

r . i k l d n ^ ilMMIlli ('..ijiiii r i i ^ i i i r u.i> l i i l m i i i l in I'):")'). \ 

(lajiiii "iiM iiM-il Willi it < liisli ' i 1)1 i i l l n i I n;:iiii> III i-.-.l.ili|i>liinf; 

a tii:w iiiDMoiail s l n l s|)(;fil r c r i i n l ul ,i|)|ir<i\iin,ili:!y Mar l ) 1..'̂  

at l ld l l i i inai i .Mi I ' l i rce Uasi;. As l i i r . i n o i i d slaj^i; ol l ln; Nikc-

r ia j i in , th i s cii/^iiu: |ii '(i |ir|li;il i n s l r i i i i i r n l a l i n n for |ii'iiji.-(:l 

l l l l ( ^ i ) wliicli |itiiilo<{ra|ilic<l l ln : wt^allicr iivi;r l l ie c n l i n ; 

i.'a.slcrn soalioari l for llii: lirsl l i m e . 

A .snli.slaiilial |i(irli<iii ul l ln; \Mirk i l i i r in^ l').')<) was on 

Si i luoc, imt lc r s i i l n t o n l r a c l I ron i ( ioo i lyca i Ai rc ia f i C o m p a n y . 

S n l i r o c is a sol id p r o p c l l a n l i i i issi lo, lo he lircil i i i n l t T u a l c r , 

I ravcl niosi of i ls course , llii'()ii<;li lln; a i r , ani l r e l i i rn lo l l ie 

sea in s e a r c h of i ls t a r ^ e l . 

Utiili UivUiuii 

T h e g ro iv lh oT l l ie ( J iah Div i s ion h a s lo i i l i n i i e i l al a 

p h e n o m e n a l r a l e . S a l e s i tn i reasei l 7f>()']('. The ( . o m p a n y ' s 

j n v e s l m e r i t in p r o p e r l y , p l a n i a m i e i p i i p m c n l i n c r e a s e d f rom 

$ 1 , 3 7 1 , 6 2 1 al I h e e n d of l % H to $H,6')2,5.'")L' at t h e e n d of 

I9S<). i n a d d i t i o n to i h e i i i v e s l m c n l in U tah faii i i l i i-s iiy 

Thiokol , t h e .Air l ' 'on:e h a s n n d e i t a k t r n a p r o g r a m extei idini^ 

t h r o u g h I'.XiO w h i c h will p rov id t ; a d d i t i o n a l dt :veio | i inci i t 

12 

l . i n l i i i c^ la l i ic i l al appn iMi i i a l c iy $ I(I.()(M),()(10. 

Ki ' s r a i c l i a n d ll<:vclupnici)l work on ki i | ;c sol id |>iii|Hdl 

e n g i n e s l i m e t n i i t in l'^.')') . i s ' r i i i o k u l f !lieniir:.d (ii)i |)i)ial 

was sc l cc lcd hy t h e Air f o r c e In i n a n i i l a c t i i r e llic (iisl st 

cii^^inc l o r i hc MiiHil<-iiian Kl I tM. 

W h i l e llie niajiir effort ol t h e l l la i i H iv i s ion wa.-, in i 

iici l iuii Willi t h e d i ' v e lop inen i of i he M i n i i l e n i a n MIIIIM, 

I In i-mii ;il-ii p r n d i n c s IMKISICI cn;;i i ics for t h e M.i i l in M.ij.id 

In . i i ldiliuii . jiii liiiiiii.ii y pi iidiii l ion of ll ic new rocket huos 

fni llic i i i ipii ivcd \ i i f o r c e jiiiif; i,iiij;c MII l.icc tu air mi>M 

liiiiii.iri . Iia- jiccii |ici ri i i i i icd iiiidci -.uiii m i l r.icl^ wjlli Ituci 

Ai rp lane i .mi ipany . 

I'IIIft I 'nufiirli iui lUs'isiiiii 

In l)ect:iidiiM' i h e Air f o r c e . n i n o i i n c c d p l a n s to c u i i s i n 

.1 fa i i l i t ) ' ad jacen t to o u r p r e s e n t U tah Divi^iun fur t h e pi 

d u e l ion of first sla;^e eiij^'ines for t h e Mini i t i t inan IIIISIMIC II 

i m d e i s l o o d that l l ie Air F o r c e will inves t appi UMII I . I I I 

$.iO,00(),(IO() in i h i s p ro j ec t , ll is i;xpi;cled tha i T h i u k o r s i 

v e s l i n c n l lo r th i s | i n r p o s e will a p | i r o x i n i a t e .'$2,.'^()(l,IH)ll. 

The U t a h P r o d u c t i o n Div is ion was e s l a h l i s h c d in 11 

cemhi,-r with t h e ini t ia l task ol developin<^ ihc. en<;nieci i i 

c r i t e r i a a n d p lans for t h e p r o d u c t i o n p l a n t . In d u e coiir-^c ll 

new d iv i s ion will o p e r a l e lo p r o d u c e f i r s l s ta f ;e Miii i i lcni . i 

en^^ines for t he Air f o n t ; . 

fteiictiini ,\totiir.s fHi-i.sioii 

A liif^h h'vel of III] 11 id pri>|iiilsiun work diiriiif^ t h e p.i .1 ) c i 

i c s i i l l ed in an i n c r e a s e in sa les of m o r e tli.in l l ' - ' i . 

I n v e s t m e n t in p r o p e r l y , p lan t a n d c ipi i | in ic i i t .il Dciivil l 
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and Hockaway incre.ised hy appruMiii.ilcl) .li. I ..iDlt.OOH'loriii;; 

Till- pre-packaf^ed Inpiid rucket eii;:iiic lia-- liccii mil udiu id 

inlu two Navy missiles, the Sparrow 111 and the Itiillpiip I'ru-

dm lion of ihe Sparrow engine, known as the Cnardian I, was 

aiilhori/.ed hy the Navy in May.The Ucai liuii Mulur- Dn "siuii 

I 'rodiiclion IMaiil was eslahlished at llristuj, I'ciiiis) Iv una. A 

production cunlra( t for tin.- llnIIpup engine, (iii.iidi.m II. h.i--

ahead ) lii'cn awarded for a siilislanli.il nnmlHi ul ilic-c units. 

A ciinli.lcl lo dcvclu|i the lliird in lln- - • in - ul pii |>a< ka;:ci| 

lii|iild cllf^mes, lu he klluwn .1- the lui.iidi.ui III. Ii.i- liccli 

negotiated with llie Na\ y. 

The National Kockel Society recently aw.irded the Hor{; 

Warner Iropliy lo Thiokol for ils work on pic|iacka<^ed pro-

p(dlants. 

r)cvelopmcnl work un the cn(;ine, desi<^ned lo power lh<; 

X-I.S piloted airi:raft, was eomplelcd dur ing 1959. Dcslined 

lo (ly man lo the edj^e of outer space al a speed in excess of 

4fX)() miles per hour , this engine is the most jiowerful aircraft 

enf;ine and the only ihroll leahle rocket |iowerplanl in ihc 

count ry F.iif^ines are current ly heing assemhled and initial 

shipmciil of ihese nnils is ex[ieeled lo he^^iii dnrinj^ the early 

inonlhs nf I9(i0. 

Another Navy missile, the (".orviis, developed liy l emco , 

will he powered hy one of our liipiid enj^ines. DevelopmenI 

work was completed mi this powerplaiit diiiin;^ I*).'')') and 

prodiK.'tiim is now under way. 

The siieccssfiil com|ilelion ul llie develu|iiiieiil ul the air­

craft cala|inll launching |iro;^rain was acciinipaiiicd hy the 

p l u i l i l r l l u i l . i i i i l . - l l l p l l l c l l l u l l u l l l c , l | . i | i n h l l l l l l > l u l m - l , i l l . i 

liuii ull ihc new Navy Nm Icai puwricd . lui ial l ca i i ic i , llic 

f . i i l i r | i i i - i - . 

l n i l c ; i M ' i | . i c l i v i l y 111 l l i e d c v c j u p i i i c i i l , | i i < i i i i i c | l u i i j i i i l 

piuinuiiun u( spcc ia l 'vah is and ullicr cuiiipunciils fur im kcl 

cii;^iii<-- lia- liccii a key pru^-iaiii iliirin^ llic p.i.sl ye.ii .Tlii> new 

iiica ul .h li\ ily is c.vpeclcd lu liccuiiic an even inure iiiipui l.iiil 

III Iur III ihc ( umiiij; year. 

M ' l ( I U I II .S (U ' l II \ r M » \ . s 

lliinlvr-Itri. 'iliil IH\-isiini 

lluiilcr Ih i.slul s.ilcs (ur !'>.)'> were appi UMIII.IIC!) iluiihli 

ihiisc ul the prcci iliii;; ) ca i . Ahuiil 7:.;',' ul llicsc sales ucn 

iiilcidiMsiuiial, u \e r li.ill of which was in coiniccliuii willi 

the Miniilenian and Mercury pru<^raiiis. 

Diiriiif^ the last hall of the year, e/fui is wen: (uiiceiilr.ilcrl 

on chafif^ini; the major ai livily of the Di\ i.sioii li um engineer 

ini^ service to end prodm Is. The lirst major hreak ihrun^^ii in 

that a|ijMdaili was a siihslantial conl ia i l frum the Sl.niley 

.Aviation Curporaliim for the develu|iiiieiit ul a ruckel cjeclur 

s )s lcm lor the H .SI! pilot escape capsule. The piuj;iaiii, whii li 

is shared with llic filklon Division, is well aluii;; in llic dc 

veiupiiicnl slaves and will he (olluwcd hy pruiliicliun iliiiin;; 

(lie (le.vihie shaped chai|;e dcvelojicil iiiili.iii) (ur missile 

li:( hiiiilu^) as a |ire( ise melliod u( ciilliiif^ hy use ul cxplusiv cs 

is iiuw heiiij^ tried (ur v.n iuiis cuinmcK lal applicaliuiis. Iiiili.il 

It"'.-
*'. k* ». 
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TELEGRAM 

I O J W CROSBY, PRESIDfNI 

THIOKOI CHEMICAl CORPORAFION 

The record breaking X-15 flight on 7 March is a signiticunt 
ochievecnent in which Ihe Thiokol Chemical Corporation can 
take justifiable pride. This and other flights of the X-15 
have convincingiy demonstroted the copabililies o i Ihe 
XIR99 rocket motors developed and produced by your 
Reaction Motors Division. This record breaking flight brought 
us a step closer to manned orbital and space flight, and we 
are looking forward to the continued success of this program. 
Please accept my congratulations to Thiokol for your 
contribution to this remarkable feat. 

Bernard A. Schriever 
Commander 

Air Research Development Command 

ZOO AMH ! 'r 
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TELEGRAM 

I O I W ( B O J B Y , I'ftl bIDtUt 

IH IOKOl C H I M I C A I C d B P O B A l l O N 

Tile hiylily ^iitcesstul luunch ot Itie firsi Minulemon lodtiy is 
a signiflcuiil denionslralion o( our progress in missile tech­
nology ond pcirticulorly emphasizes Ihe advances we have 
mode in large solid propellant systems. This Minulemon 
flight was tlie lirsl in the history of the free woild in which 
a complete, multi-slage intercontinental missile, with all sub­
systems installed and operating was successfully tested on 
its initial flight. These mojor accomplishments con be directly 
attributed to Ihe superior technical planning and outstanding 
program management continuously demonstrated by the 
members o l the military industrial Minulemon team. To all 
personnel connected with the Minulemon Weapon System 
I extend my personal congratulations and a hearty well done. 

Thomas D. While, Chief of Staff 

United Stales Air Force 

Washington, D. C. 
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.As ol now onr lon;^ raiij^e projects in ('.hemical l lpcraliuiis 

are in hellitr prospect than al any tiiiK? in the p.isl. 

Volume of hiisiiiess was lower in all onr Hockel Divisions 

exee|)l Utah (Wasaleli is under conslruclion). (!lian;:in(^ 

military rctpiiremenls, coinhiiii-d with lon^ dcl,i)s in liiiie 

hiMwi-itii the siiliniissioii ol proposals ,ind cunli.n I .iw.iids. 

aflected our Volume and prolils in I'HiO. 

Dnriiif; the year we incurre.d costs m excess ul uri^ii i. i l 

eslimati-s under cerl.iin cost phis-hxed Ice tvpc cuiil i. icls. 

These "ov(>rruiis" an; the result ol nnloresei'ii technical 

prohlems re(|uiriiig adihtioiial funds without aildiliunal h-i;. 

The overall prolil rale (in terms of percenlaf^e) was snh-

staiilially reduced. 

'I'here were, however, very signiii<;anl aehievemefils thai 

wi l l cornerstone thc Cor|»oration's Roi kel Operations prog­

ress ami profits in l% l and future years. 

("Iiief among ll ieni were these sueeessful programs for 

the armed services: 

1. IVrshing 

2. Nike Zeus 

,'i. Miniiteinaii 

1. XI .HW (l i ipi id engine for the X LS) 

Thiokid is the major propulsion sup|)lier lor these projects 

— in fact the sole supplier of propulsion in ail (;xc<;pt the 

Mmii lci i i . i i i . In thai niissih^ Ihiokol liiriiishes the all 

impurl.inl Inst slaf;e hoosler ih.il is so onlsl.indiiig in piov 

ing llie v.iliie ni large solid projieilanl engines' lor spaci; 

as well as inilitary missions. 

The peilormanci; records of Thiokors liquid proptdled 

XI |{<)<) .mil solid propelled Minnleinan in l%0 and early 

l')()l .lie Iwu ul ihe must signilicani and satislat lory develop 

i i i i i i l - 111 um 11,1111111"- iiiissdc prugi.iin. Tests on llie .Ariii)'s 

I'l i- l i i i i ; ' .IIKI Nike /ciis pillar,mis indii .ilc Inl ine | ic i lu i i i i 

.line Icsis iiid u|ici,iliiiiial recurds id cuinpaiahlc sl.i l i i ic 

l l i i uku ls Ic.idci-liip III huge solid |i|upcllaiil engines 

look gi.iiil siiides in i'Hil) mid c i r ly i 'X i i , I'lighl tests demon 

slraled the ichahili ly and (tcunomy ul suinl (iicl piupnlsion 

nnils Iur spact; jirujects as well as lor military purposes. 

.Suciu.'ss ol the Mmnleman, climaxing other solid |iropellanl 

performances, projei led solids into future space |iroj(-cls 

al an ai:c»deraled |iace. 

These an; achievemenls, hesl summarized in the messages 

ol (»enerals While and Scdiriever reprodnced on the inside 

hack covcT of this report, 

DevelopmenI work on the hoosler lor the Kom.irc l i 

surface lo air missile; has heen nearly ccmipleled. In lest 

lliglits tlur hoosler iMigine perlormed'vvithout a single; laihire. 

The Comp.iny has heen awaicli;d a hciinarc l i production im i 

tract. Although tht; development work on liie Navy's Siihruc 

is in earlier stages, preseiU indications for this siiiimarinc; 

carried missile arc; also very promising. 

95n 200 hm 



tfluiilfei mtm H M H I M H M H t i ^ 

* 

Last spring we estahlished onr Km ki-l (Ipcr.iliuiis (.IMIICI 

at Ogden, Utah to str(;ngtlien all phases ul mir UM kit 

activities and lo serve onr euslonic;rs more clln icntly. Ihc; 

staffs o f t h e (iye district ollices s«;rvic ing Hucki I n|>ir,ilii)ns 

wen; also strc;ngtli*;nc;d. 

.A Nmlc-ar Devidopm<;iit (ii-nlci w.is isl.ilili-ln d .il I'.iisip 

paiiy, N. J., dur ing the year. A siii.ill cunir.n I |i llic 

-Air I'cirii; was onr (list mcler. \\ c .in- .ii |iic-ciii ii .inn d 

with lhr<;e major comp.inies in |iici|ius.ils In iiig siiluiiiilcd 

lo tin; National ,A(;roiiautics and Sp.ice \iliiiiiiisii aliuii .ind 

llie Aloniic: Knergy Cominissioii. 

During the year National h.leclroniis Lahoialonc^s, inc:. 

was li(|uidate(l. T h e husiness was (:ontinm;d as part o( 

Specialties Operat ions . Activities of National l'',lc;c:lronic:s ami 

Kunter-Bristoi Divisions were reorganized lo meet changing 

conditions in the specialty (icliis in which thc;y op(;rat(;. 

in 1959 llie (Company organized a (a>r|ioriile I ' lanning 

Dejiartineiil lo estal)lish long range goals and a program for 

iilliinale at tainment of these olijei:lives, which inclndi; cli;vt;l-

opinent of new markets and n(;w prodm Is (gc;neralecl 

internally as well as Ity ai;ipiisilioii) with emphasis on diversili-

ealion. This program lias in two years shown promise of 

fiillillinent. ll will put the Company in exiu:llc;nt position lo 

hroacien its operations and meet eonstanlly c hanging situa­

tions and eoinpetil ion. 

^ 5 ^ 1 ZOO W4H 

ID 

^ 

DiH Luiii|i.iiiy i;spril is i;xcellc;nl. (Iiir i:iigiiii:c;rs .ind 

sciciilisis have; dune; an oiitstanding jnh, c;vidcrice;cl hy thc, 

hrillianlly siieeessfiil proje;e:l liillillmelil e;x|ie;ric:ncc;d during 

ihe; |iasl year. If from an c;arnings standpoint this was a 

dis.iiipuiiiliiig yc-ar, afli;r the; great growlli in IM.SM, it was 

,il-u a \c,ii of ae iiievement in coorclinalion cd cipe;raliuiis 

.uid iiii|Mu\id i)r|.Miii/aliun, This augurs we;ll Iur success 

.111.1 III l l n c n iiiiif's 111 I'Hil .iiiii llie- licil (iiliiic. 

Re^jiK i j l i l l y .s i i l i i i i l l l i i l , 

9 
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Tix;iiNi(:\i. SLKVicL Lo(:\'ll(»^s 
t ) t : N \ t t I t ; . N t 
t ( ru i* i i«Hi M o c i i r i , Dev ih i i . i i 

r A H.St I'l'A NY. N.J. 
N i i e - t r j f l ) rv r t< t ) i in« 'e i l < ! i - i i l f r 

t ' t l t -N ION. N. J 
l t4M«t i | i i . i r l r r ! . , 4 J i n i i i r a l ( l | . r i .11 i . . i i -

t lK tS IDI . I'A 
t !iM |M.r J l i - I t r i i a< | i i i i i U'l - . 
t t r iH l i | i i . e r l r r f . , SiM'i-i. it l i i-r. * I j . i i ; tei . . t i~; 
t l i i i t t i - r - l l r i . - l o l t l i v 17.1011; 
t l< - . i r l i i i i i M. iCor- f r i M t n . - l t ' L i i i l 

I t K I O N . Mi l 
I ' JL l i l i l t i l l INI'III 

% \ s t t t , \ ( ; i i i N . t i c 
N. i f i * * f ia l Kt4N-ir(>fii4-». D i v i . - i m i . 
VI ur.liile(;ieMi ( l l l i r r 

IIIIN'i 'SVtl. l. l ' . . A I.A, 
Itrtt.Hloi)*? I l j v i h i o i i ; 
S .H i l t i cas i t > i H l r i r l O n i e r 

MO.SS I ' d l N T . MI.SS. 
t ' l i N l i i i - l i o i t P t u i i i Che i i i ie 'a t 0|»t.'reilitiiir> 

C A f K r A N A V K R A I . , Ft.A. 
Tire- l i i i i ru t S«:rvi<^ l l t f i i ; t r 

MAKSHAl.l . , Ti ;XAS 
| j t ng tM»r i i l l i v i r t i o i i 

HAI.1.AS. IKXAS 
SiHi l t iw i rHl (> i» l r i< ' l O A i c e 

OAY'ION. ( i m i o 
O i i l r e l l> ihlr i<: l O l l i r e ; 

l l t d O l i A M r i T V . UTAII 
l l l i i l i f l i v i n i o i i ; 
Vl 'urtHlrtt D iv iHie i i i 

0(;J)I :N, DTAII 
ICiH:kcl t l |Mr ru l i f i i i r i < > i i l r r 

S K A ' n I.K., W A S H , 
I V i r l m i i a l .Sirrvice Of l i re ; 

f OS AN<;r;i.i:s, C A I . . 
WcHl (.'oDhI ( ^ h e n i i r a l D i v i s i o n ( l l l i r c 

Ki. .St:( ; i lMK>, CAI., 
V I V H I (^>ahl K o i k r I I ' l l l i r r 
I.AN«:A.STI:II. C.M.. 
I ' lT i- t i t i i r i i t Si^rvire; O l l i r i : 

Q^^X too i M 
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Uf n i fn i ' \ u H u sf ' t i r 

S()ae;ecrafl. W o r k also commenced on l l ie clc;sigii and the 

dcvedoprnenl o f a so l i d pre ip i ; l la i i l ac:e:elei a l iu i i iucke;t 

(;ngin<; f o r the D y n . i s u a r 

manned space; gliclc;i i in i le i 

con l iae t w i l h The l(ue;iiig 

( l o m p a n y . 

D u r i n g the; la t ler |>ail u l 

1961 the- ( !unip, i l iy accpiiie-d 

op t ions on u \er If),001) ai res 

o f la i i i l in ( ^ - o i g i i and \ l a 

l iama fur s l ia tegn- siles cm 

w l i i ch to ceinsti i iel l ac i l i t i es 

in a i i l i e i pa l i u i i o f awards o f contracts lo i 'h iuku l on the 

N( )\' A and o i l ie r large; so l i d f ue l e;ngines for space; exp lo ra -

l i un work . I ' la i i l layout wo rk and o i l ie r pre;preiihie l i on i ; l forts 

have heen near ly complc;teel and it is *;x|ie;e;l(;el thai conslrne-

l i on cou ld he c;oinnienc;(>il in l l ie iate S p r i n g o f 1062. 

Sale;s o f t in ; Licpi icI |{o<:kel Kn(; ine D i v i s i o n dec l ine i l 

( l u r i n g 1 9 6 1 ; however , i n 

December p i o i l i i c l i o n o f pre-

pacl<age(l l i q u i d engines f o r 

l i te n i i l l p i i j ) mi.ssile com­

m e n c e d on a s u b s t a n t i a l 

scale. T l i e p ie- j tackaged l i ( ] -

n i d eng ine, a deve lo | imen l 

o f l l ie Keac t ion Mo to r s D i ­

v i s i o n , shows gre;al [ iotc;ntial 

n m l is expee;U;cl to he; aelopte;cl 

as the p ropu l s i on system f o r a n u m b e r o f other missi les. 

I ' rogrammeel l l ig l i ts o f the e x p e i i i n e n l a l p i l o ted X-15 air-

Itig Booster 
at imbit i ty at rocit tct tn 

latmtis I 

teM 
M l 

1 

i 

, '^ ' 

/ 

i l l -
Til \ t »., r l r , t i t ' i i u 

m o n i t o r j o t f>ou-i'f 

t r i i i t \ m i s s i i i n r . / i i l ( . m . I l l 

I 1 .ll I were slice c'ssi i i l l y accuniplishe'cl elm i i ig I 'Hi j ' I ' j i i i i d -n 

| iowcrccl l l igh ls us ing the; T h i u k u l \ l . l { ' » ' ' l i i ru l lh-aldc-

rue kcl engine Inei i lgl i t siicci-ssive- . i l l i l in le- ,IM<I spi-e-il rec­

ords , i i i i l i l an a l t i lnde; of 2 1 7 , 0 0 0 feel 

and a speed u f LO*).} niile;s pc-i hour 

wi-re e-slahlislie:el on separate- ( l ights 

lowaic l l l ic close o f the; year. 

Dc \ c l u p i i i e n l Mild p r u e l i i c t i o n o f 

huge \a lM 's .mi l u l l i c i c ci i i ipuncnls al 

l i c a i l i u i i M u l u i s D i ^ i s i u i i Iu r han i l l i ng 

c l yuge i i i c .ni i l u l l i c r i i i a le i i a l s Iu r the 

miss i le in i l i i s l i y incrcasecl sni is l . i i i l l a l l y 

d u r i n g the )'car. ( !ap . ih i l i l y in this hcdcl 

is hc;iiig e\lenele;el to i ndns l r i a l a| i-

pl ic:al iuns, 

A l l hu i i gh Spc;ci i i l l ies Opeial ie ins ceinli ih i ihc l h i i l l i l l l i ; lu 

sah;s f o r 1 0 6 1 , ile;vc;lci|imeiils rc;siilliiif-, in ni;w piciclncls 

\vi;re sue:e:e:ssfiilly (;oniplel«;cl and sale;s re;snlting l i m n this 

elTorl w i l l i'i<;iease in ]0f>2. The; 

Na t i ona l l']l(;e:lrcinie:s D i v i s i on is 

be ing ronsolidalc;cl w i l h l l i i ; cdee:-

I ronics op i ; ra l ions o l the; I h i s l u l D i 

v i s ion . The Company inl(;nels to 

expand i ls pos i l i on in tht; e;le;c:lroiiie:s 

f ie ld and lo b u i l d a round the; pic;si;nl 

-!* : ^ > * » * ^ proline;! l ines. 

D u r i n g 1061 T h i o k o l (,hc;niical 

( ! o rpo ia l i o i i snhs lan t ia l l y expanelcci 

i ls fae:i l i t ies anel operat ions hy a 

series o f acepiisi t ions. Some; o f these acrpi is i l iuns aiignientc;el 

w. 
Mitclmiiiifi {uiiKiif^iul 

l iqu id rneiiir.i 

09Vt too 
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our e;xisling husim-ss t h rough t ; i i a ld ing lis to p i i I m m upc i a 

l ions which f o r m e r l y had to he s i ih imi l rac led . ( t l h c i s u l 

tlie;sc; acepiisit ions put the- (Company in to e;i i l i rel) new hi is i 

nesses, j i i i m a i i l y o f a i :omnieic: ia l n a t i i i i ; or w i l h si ihstan-

l i a l I i immc;ie:ial po ten t i a l . 

Thc> (!ui i i |)ai iy e i i t i ' red in to a te-n year agi i c i n c i i i , c l l cc 

live" . la imary 2 , | 0 6 2 , fo r the lease- of musi u l ihc l i i uh l i i i g s 

ami e-c|uipnicnt id the- le i i i i i c i N. iv. i l I h i l i i . i in c l l cpu l .i( 

I ' u i ' . i l c l l o , l e h l l l u , w i t h a n u j i l i u l l t u h l l ) l l i c sc l .n l l l l n - , i l 

a pr ice s l igh t l y in e \ce-s c f S.<,O()(),0O0, T l ic l ' u . , i l c l (u 

f a c i l i l y w i l l I peiateel .is an Annex lu l ln : W. i s . i i d i | ) i \ i 

s ion. I n i t i a l i ipe;rations w i l l i i ivolxc; stenage, i i ispecl icm and 

| ) repa ia l i on work on inert <:om|iein(;nts, W i ; also e-xpe;e:t to 

opera le ih is f a c i l i l y lo pi<iilii<;e g r o u m i support ami lianel-

l i i i g devices fo i use in the p r o t l u c l i o i i o f M i m i l e m a n and 

o i l ie r la rge rocket engines. 

As o f December 3 1 , 1961 T b i o k o l acrp t i red l l ie T i c n l o n 

p lant o f the; I 'ani- ly t i ; D i v i s i o n o f St. i {eg is l'ape;r C o m p a n y , 

in <;,\c hange; fo r 117 ,256 shares o f T h i o k o l ( i a j i i l a l S lock , 

an i l is n o w o p e r a t i n g t lu ; f a c i l i l y as 

I iV'-; -̂ ^ ' tbe Pane l y l e I n d u s t r i a l D i v i s i o n . 

1 ~ I ^ i Z ' •'•'• •••• ^ ' ' ' ^ " ^ ^ D i v i s i o n produces im lus-

r | n ' ' | l f ' b . ^ - • V^tr ia l p las t i c lamina tes in sheet, tube 

I r tMt • j^, jinel r o d f o r m f o r tbe eb;elr ic;al, a[>-

j i r ^' - J * fc^^^jj«^.'i^|lliance, mach ine r y and otbe;r ind i is 

* ' J^ ~~^ t r i e s ; l i i g l i pressure inolele;d [ lar ts 

„ , , , f o r e l ec t r i ca l u t i l i t y a p p l i i a l i o n s ; 
r r e t m n i i g maleni i l /or / I I • 

hminiiiion at Puneiyie a p j n io ldcc l l i i g l i t c m p e r a l i i i i ; in 

su la l i on parts fo r the aerosj iace inc lus l ry . An ii i le-nsi(i i: i l 

res(;are;b and development p r o g r a m has been i n i t i a ted to 

Zoo 

p r u \ i ( l c l u l the c-xleiision and impiiivc;ii ie-nl o f ih i ; p icsc i i l 

p i i i i l i i c l l ines. Th i s ae epi is i l iun sliuii lcl pruvicic; a s i ihs lan l i . i l 

nie-aiis Iu r hruacle;i i ing the- cx i s l i ng prueli icl l i iu-s o f onr 

(,hc;ii i i i al Ope-rat ions as we;ll as the; f o rmer I 'a i i i ; ly le business. 

I l l Se-plcnihei lOOl the- f !un ipany pure liase-el 0 5 ' ' ' u f the 

u i l l s l a i h l i i i g cap i ta l stuck uf Sliawiie-e- l l i i l i l s l i ie;s, liic:., 

Si i . iwm-c, ( I k l a h u i i i a , in e-\i hai igc Iu r 2,}l.5() sli.iie;s uf 

l l i i u k i r j ( ,c|i i l , i l M u c k , Tills s i i hs id ia i y is c i p i i ppcd |u per 

l u i n i - I I I ! I i i ic t . i l i u i i i n i i g , vM'hiuig .i i i i i iii.'ii In in i ig Iu r a 

\ .11 ll I ) u( n i i l i i - l i i c - . 

I l l M,l) I ' H I I I In uk 111 CI lie I I'll in lu an agree i i ic i i l w i l l i l ln-

l i l . i h M̂ i c i i l i l i i Ucsc-arch f u m n h i l i u i i , an al i i l ia le u l U la l i 

Slale; H i m e - i s i l y , g i v i n g T h i o k o l an 

exclusive- licc-nse; lo mann fae ln re and . ' 

se;ll ihe T iackmaslc ; r vi;hicle; ele;vel-

ope;d by thc; I ' unnda l i on . T h e Track 

m a s l i ; r is a t i a i k e e l vebie:lc; w i t h 

nnicpic; capab i l i l i t ; s f m op( ; ra l ion i i i^ 

snow, swamps ami moun la inous l(;r-

r a i n , and has an i ;x is l ing market f o r 

m i l i l a i y and many i i nh i s l r i a l a | )p l i -

ca l ions . l'rcicliie;licm is now imcle;r-

way in h;asecl fae:ilitic;s al Logan , 

Utah. 

In the; l a l l c i par i o f 1061 the; l l i i n ic : l i i cs D i v i s i on , lie;acl 

epiailc;ic;cl in Los Ange;lc;s, was lorni i ;c l fo r the- |iiir|iusc- u( 

p e r f u i n i i n g ii-sc-.iic li and de;\ e;lupmc;nt in llic; h ruad he;lcl u( 

l ife; SI ic;nce;s, i n c l i n l i n g hc;h,ivioi and eiigini;e;i ing psyel iul 

ugy , l i a i i i i i i g , e ;nv i r unn ien la l phys io logy and b in elee t ici i i ics. 

This | i ie)giani w i l l ine-sli w i l h prt;sc;nt |{eie:kc-l Opc-ralions 

TMACKMASTt.n I ' e h i r l e 

p o w d t l i n p i v 

^ i f 

• 
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Rocket Operations 

Expansion and Growth.. . TTie Keynote In 1961 

D u r i n g 1961 iiioni u( ' r i i i i ik i i l 'b . . . uiiel 

l l ie i i i i l ioi i 's . . . leey m i s s i l e Kysteiiis 

g r e w to i i i i i t i ir i iy. W i l l i l l ie s u c c e s s o i 

P<;rst i ing, Min i i t e t i i a i i , N i k e Zeusi, B u l l -

pu|>, X - I S , I t i i i i iarc ane) M e r c u r y , i h e 

coni)>any expunile^el i ls ca | i i i l i i l i ly lo 

| iroetui-e a m i eleveloii i r i l i r u l l y rec| i i ireel 

p r o | i u t s i o i t hysleruiB o r roe-kel enf t inea 

ieir ilKfensi; niiiisilirs unci llit; l.irK<-r, 

m o r e !>o|iliiMlie'ale;il hyitte^nis (o r cMile;r 

bpu re . 

T h e co iu | iu i iy h a s luke i i leciiie o| i i ioiit i 

o n s i les i n G e o r g i a anel A l a b a m a for 

pohd ib le p r o e l u c l i o n of l a r g e l i o o s l e r s . 

A t e n - y e a r leane w i t h a n o p t i o n l o b u y a 

l a r g e e x i s t i n g p l a n t in P o c a t e l l o , I d a h o 

w a s a l s o ac< |u i r ed . 

NIKE HERCULES-NuK being deplored 
•ruund Amerira'B tiey ciiic« as detente 
againiil uercrufi ulljclts. 
Prime Contractor: Western Electric. 

PF.RSlttNC—The Pirsliing h«« a remarktble 
ii^nrd ii> .ltvi-.l«.i>i"<-nl 
etime f.imlriiclor: MiulinMniirllii. 

Sl lRVF.YOR-HMl) and Elki-n n..iHo„ 
„ „ l „ l . will |.l..vi.l.t .I .-.U,,,; n„.l ll.i.l.l.il! 
I . , i lh i . . . I..r - l l I ' - l ' - f ••" ' '"• '"••"" 
I'lime Conliiicim nils'"-'-

DOMARC D - F i c t t 16 
fere fligtii Icsied oiiti-
oui a aingle thiosier 
fatlura. 
Prime Contractor: 
Beeiitg. 

•2f> 

BII I I .P I IP — Prepactiaged 
liquid eiieines. u Ttiii.liid inn.i-
•alion, tiafs giren itiia ajraleen 
a pcoputtion unit oi anique 
cliarjcleritiiM. 
f'rime Contractor: 
Mariin-Maritlta. 

NIKE ZEUS - Tliinli .! 
enotora pi»pct ull ilitce 
tiacea lu send iliti niiuile 
liitlcr into acli.in InBlanltjr. 
Prime Coatractar: Western 
Electric and Douglas. 
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THIOKOL OI'LHATIONS AND 
TLCMNICAL SEHVICt LOCATIONS 

BOSTON, MASS, 
Boston llcgional Olliix-

DENVII IE . N, J, 
Reaelion Mulurs Division 

t.AKK DENMARK, N. J. 
Dynaseisr I.aboraloric3 

TRENTON, N, J, 
H<;adc|uarters. 

Chemical Oiicralions 
I'unelyie Industrial 

Division 

UHtSTOt., t'A, 
Corporate l l eadquar le r s 
l leadqiiarlers, 

Siieriallies Operat ions 
niislnl Division 
Reaction Motors 

Proilui:lion Plant 

ELKTON. MD 
Elklon Division 

WASHINCTON, D C. 
National Electiunies 

Division 
RaKlern District OITice 

I t l lNTSVt t lE . AI.A, 
Keelstolie Division 
Suiitlieasi District Office 
MOSS POINT. MISS, 
Product ion Plant 

Ctieniical Operat ions 
« ; A P E CANAVERAL, FLA, 

Teclinii al Service ORice 
COCOA BEACIt, FLA, 
Florida Regional Oflii.e 
MARSHALL, TEXAS 
Luiighnrn Division 
DALLAS. TEXAS 
Soiilliwest District Office 

DAYTON. OHIO 
O n l r a l District Office 

SHAWNEE. OKLA, 
Shawnee Industries, Inc, 
BHtCIIAM CITY, UTAH 
Wasuli ll Division 
POCATEI 1.0, IDAHO 
Wasalil i Division Annex 
LOGAN, UTAH 
lx>gaii Works 
OGDEN. UTAH 
Rocket Operations Center 
SEATTI E, WASIt. 
Norlliwirsi Dislrli I Office 
LOS ANGELES. CAL. 
Wesi Coast Chemical 

Division Office 
l luinclr ics Divisiiin 
El. SEGUNOO, CAI. 
Wcsl Coasi Ruckel 

Districi Olliri: 
LANCASTER, CAI„ 
1'eclinical Seivice Office 

€ 9 P i 
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I ' A N E t Y T E S A I L S OFF ICES: lli.M.l^liiir, NLit 
Ohi t i ; D r l n i i l , M ich . ; HaiKdcn. (^onn.; New Vii 
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U.S. Artny SeiKe.i i i l , OIIL- of Aint i ' ica' i i 
ma^t tel lable we.ipons $y&lem& Povvered hy 

sulid fuel motors from Thiokot. 

I I I IOKOI. ri iOCHLSS 
l!J(>2 saw Mi i i i i t t r i i i a i i , ,'\iiie'ric;r;i lirst sciliel Icicled l( i l l M . ^i> eipei. i t i i i i ial 

w i t h l l i i ; A i r Vo ice . . . anel its first stage move in to picieleiclion al t lSAI" ' 

Plant 78 operated hy 'Miieikol. l l was the year of the .Astreiiiant w i t h l io t l i 

Ca rpen te r and Sel i i r ra , f o l l o w i n g Glenn 's h reak t i i ro i i g l i l l ig l i t em FeJirei-

ary 20 , 1962, ie;tiirn«;el safely f r o m o r h i l on re;trei n iekels f r o m 'I ' l i icikol. 

I t was a year of w i d e n i n g o p p o r t u n i t y and new market e i i l t i va t ion for 

our indus t r ia l g roups. I t was a year w h e n researd i and deve lopment 

projects of the past IMJIC f n i i t , and w h e n new vent i i r i :s p rom is ing a st i l l 

h r i g h l c r f u t u r e were hegnn, 

ItOCKIil" OPi:ilA I IONS 

T h i o k o l m o v e d s t rong ly ahead on its m i l i t a r y assignments, and tcKik 

ee]i ial ly s t rong steps t oward the concpiest o f space, 

M i i i i i t e i n a n was t i n n e d over to S A ( ' , Sergeant l i i t i ls st r ide w i t h the 

A r m y in the field, T h c Navy 's U i i l l pnp " A " w e n t in to mass p roduc t i on , 

Pershing an i l N i k e Zeus p i l ed up impressive de.-velopincii lal records, 

Hc t ro rockets p roved total re l iah i l i t y in M e r c u r y iua iuu;d n rh i l a l Right, 

Spher ica l engines fo r app l i ca t ion in the Si i rve) 'or p rog ram met al l lest 

oh jec l i ves . 

T h e X - i . 5 , re:peatctl ly successful in t l ig l i t , cei i i t i i i i ie i l In hi t new spee-el 

u iu l a l t i t ude marks. 

T h i o k o l moved more aggressively t o w a r d a sticinder posi t ion in pici-

jecteel programs for h i g sol id space hcMisters, w l i i l e it also designed and 

deve loped new ah la t ive mater ia ls , new prope^llanls and engines for 

f u tu re space propu ls ion systems. 
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Onr roejkel divisions are also sup­

plying engines for space exploration, 

ullage anil rotro rockets for lunar 

vehicles, jettison motors for the 

Apollo escape system, and "strap on" 

units to iiierease the capuhilities of 

tlu; liejiiicl |)rop<;llcil Thor, to name a 

few, Tlu; X-15 powereil Ly the He-

action Motors i)i\isioii I.H99li(jiiid 

tiirlx) r(K;k(;t engine continued to 

break its own recorils for manned 

flight into the upper atniosplierc. 

Over 100 flights have heen com­

pleted. All improved version of the 

X-15 Willi a Thiokol LH99 engine of 

long duration firing cupacity will re­

ceive its first tests this spring. 

S/Hice Uriikes for (ri-mini. The tivo matt 
orbital vehicle, scheduled for flight late 
this year, tvill be eqtiipped ivith solid 
fueled retro rockets from Thiokol. Four of 
these compact putoer packages (shown 
left) similtir to those which jiroved totalltj 
reliable throiighmit the Merciirij program, 
are being fitted into tIte capsiiln's frame. 
They have a iltial role: one. to thrust thc 
capsule safelij nwiiij fnmi boosler rocket 
in case of launching ittalftiiiction; tioo, to 
reduce speed of orbiting nchirle for safe 
re-eiitnj. The Titan ll launch rocket for 
Gemini is fitted ivilh Thiokol safe and 
arm ilcuices. Its iiiilitiiry coiiitterpart is 
also equipped tvilh Thiokol made vahes. 

Irsifsrovi-it Thiir. littliculive of thc groiv-
ing importance of solids in space is their 
adaptation to the Thor Staitdaril L^iunch 
Vehicle (riy^hl). a liquid ftielcil rticket toith 

• . • • • ( ' 
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These demonstrations, along with further tests of 260-
inch diameter eng;ines to follow later this year, will show 
conclusively Ihe ability of large solid rocket engines to 
boost heavy payloads into space—proving Thiokol's lead­
ership in producing the world's most powerful rocket 
engines. 

The Reaction Motors Division produced Bullpup en­
gines (or the Navy, and is develo|>ing contreillahle lle|iiid 
engines for space applications. The first such engines will 
be for the landing of the Surveyor cm the ineMin, 

The Elkton Division continues lo develop rocket en-

OZ.^1 300 AMH 

Fir t t |ilnlc<ii> a r h l r v n t in big juljiii prugrasn. |n December of 1904, 
th t WaaaSdt EMoMem teslid Ihe largjaat, sstoiS posoetftil taUd roclct mo-
tor fired stp lo that dale. Th« 150* dkmseter jxxverplaitt prodsictd t .4 
SHlUoss posissdt af thrssH ootr a ttoo nOntOe hstns lime. It tsiceattfuOif 
demomSrated the larg/i sitatot eotsceyt ta tha f n t phate of a /eiulbtfily 
t tady u n d n b U m for tha Ak force aisd NASA. Diotilossal work on pro-
pulalon for Ubssittmass II alio nut Its obfecUvet a t the firtI adsxsaced 
model of Ihe eolld fCfllf w u tsiccettfttO^ fioson In September. 

I ' tiruii <iii|$in<;iii«il Thar in fliiihl. Osse of Iha moti dramatic appltca-
tlontoftheHttssltolttelMolaloss'iXU33toUdissolorlthl^hl>ootteTefecl 
for A e Thor lasutdnsehldeAossm here a t UfttUtontUt throe ttrupped-
on tobdt. HtmttvUle hat loaded 471 XU33 motort, messy of luhlch have 
already beess tseceettfsJIi/ tail fUmm, lUwty-tuio cluftag IWM, induiiing 
eight Scosa vehicle ImmcMngi sited for orbltbig tetdHlet and for re­
entry ituditt , and Ihe firtI otieHand latmchet of Athena. 
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zation was effected at the beginning of this year. 11 is 
hoped that these changes will enable Panelyte to oper.ite 
on a profitable basis. 

The Logan Division continues to make progress in de­
veloping and marketing lightweight tracked vehieles It 
has expanded further info the ccimnierei.Tl licrM anel future 
prosjicets are encouraging. 

The Dristol Division has enpaiiclerel i>|ieraliiiiis inlu llic 
t:le-etro-aeeoustical field for the Military wilh eiiciiura^ln^ 
results. 

Several years ago the Company initialed the develop­
ment of a lightweight, compact diesel engine—Dynastar 
While the basic work has been completed and a number 
of engines have been built and successfully tested, fur­
ther operational testing is required. During the past few 
months engineering effort on this program has been con­
ducted on a reduced basis, pending completion of a com­
prehensive re-evaluation of the potential market for this 
engine. The results of this market survey will not be known 
until later this year and will, to a large degree, determine 
the future of this program. 

During the year, the Company spent $13,324,753 for 
new plant and equipment. This was offset in part by 
$6,244,976 charged for depreciation on facilities in ex­
istence. 

Employment at the year-end was 0,580 compared to 
13,277 a year earlier. The principal reduction in employ­
ment was at Rocket Operations with a 31% decrease in 
personnel. 

The losses incurred last year have been climinateel or 
brought under control. These savings, coupled wilh in­
creased efficiency and cost reduction progiains, should 
improve the results of operations in future years. 

The Directors on October 26, 1964 declared a four per­
cent stock dividend payable December 9, I9f>4 to sto(;k-
holders of record November 9, 1964, 

At their meeting on June 30, HJ6I. the Hoard of Direc­
tors elected Mr. J. W. Oosby as f:hairman ol the Hoard 
and f;hief Executive Officer Dr 11 W Ritcliey, foniierly 
Kxeciitive Vice President, was nameei President and R. E. 
Davis. C E Hunter, R I., Mare|iiardt and F W Wilson 
were- eie-e feel Vice P r e s i d e n t s . 

Iti^s|ii^c:lfully .siiliiiiitleil, 

K/ ciy'Ai/c l e y ,Q^i/'(^-^^^l, 
llaii.lil W Hitcliey, ' C / Jo.sepli WCrosliy, / 

Vresiilent Chitiniuin of the Hoard of Diiali 

l l P X 

Dr H W Httchty (left) and Ur. f. W. Crosby ilanding In front of 

nozzle nj 156-Inch solid rocket motor he\ore iiiccestful test /irin(; u( 

space hoi'ster at Brunswick, Ceorgta. 
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A K i V I I W «)K o r i K AIION.S 

A,SI K O M I I DIVISION, e i c n i N, III All 

A Sim Mil IS Li:iuliit nil)! ri 'sciii ll. dt'M.lii(Miu iii .m.l |ii. ..lu, n- n »M'i 1 

I'll .sounding r i ' i k i i wl ikk-s . iiuluiliii)! )),i)lii.ul insiiniiK-iii.iiioi) l.>i use in 

ii(i(ii.-r ,iliMi>.|ilu'iic n-si . inl i I'lir. Ii.iscrs ,<l ilusi- v r h u i i s m. iii.l. IIIL-

. A l O l l l K ' I | I C 1 ^ ' \ ( . • l l l l l l l s s h M I . . \ \ . S \ . I I I I I V i l s l l K s . l l l t l p u U K ^ i >IU I . i , I. il v 

t h e I l l V l s h l l l | l l i i v l i l c s . I s s O L l . l U ' l l . l l l . l l ) I K . l l . m i l I . I I I I K I I N, I \ K . S I .II 

lis ciislDiiK'rs a n J is .ilso LIIIII)|! siilislaiili.il vMiik h>i Ilir 1). K n^e AhniiK 

Siipporl A);ciiLy in llic |>IIHI>K|IIIII ul laiiinlicrs IIH s.iiin.lin)j n i i k e i . 

t l K i e i N DIVISION, I I K I O N , MAKVIANt) 

Rclrograilc rockcis PIOLIIICL-CI tiy t ' lkloii coiiliiiiiciJ lo serve as "s|iace 

b rakes" for our eirhiiing aMroiiaciis. O n e sucli molor made hy Elklon will 

also be used as llic pr ime braking system for llie Surveyor spaceerat l . pro 

graniined for a sofi laiieliiigon llic mexin lliisyear. C'onlraels were reeeived 

ill I96.S for inixJiflLulion of llic Surveyor rciro molor for use in llie Air 

Force lliiriier 11 and N A S A Improved Delia programs 

Dcvclupnieni efTorl ineludes work on improved aircrafi seal ejeelion 

systems, on lnance devices. Apol lo Tower Jelllson motor, and liiniled 

warfare devices for llic Army and Air l-orce. 

Prodeicljon eonlinticd on niolors for Siibroc, llie anil siiliniariiie iiils-

s l l c . andon various ofr-lhe-shetf rocket nieiloissuclias Kectull and Apache . 

In llie area of advanced leclmology, HIklon is working on Improved 

gas generator propellanis and high-performance oxidizers and fuels 

iiiiNrsvii 11: i>ivisioN, tiiiNisvii 11:, AI AHAMA 

Dcvelopnienl was initiated for an Improved Zeus priipcilslon syslein 

under Ihe Nike X balllslic missile defense program. The Division Is also 

developing alr-aiigmenled propulsion syslcms under coiiliaci uill i ilie 

Air l~orce. these hold great promise for advaneeJ lai l leal missiles 

Work progressed on tonlrol lable solid piopellanl uiouirs. high 

energy propellanis and area defense propulsion syslcms 

Molcirs for laimcli vehicles such as Alhena, Seoul, and 'HHI IS I .Aug 

iiicnicd 1 hor arc slill being supplied 

I 1 i.\c ,111 "11 \ l ) | \ ISIc IN. M.-XH.SIIAI I . I I XAS 

l lu i i - w .l^ .1 sii'inTu .1111 iiuie;ise ihiriiij: llie \e.ii iti l)ie jMihluilhiM 

1.1 I', i.. |e. IIIII. li, » I. e . ill. I illii iiiiii.ii 111;' II.lies .mil she IK I ml lie I 111. u ;ise 

I I I I I I . I i M I I ' l l I , >l i h . . . 1 1 . M I S I N . I M I I . I { M I . l l M l I ' K i l l I ' I I H I 1 1 , I 1 1 ' M I ' l I I M M l M S 

III. S I i; 'e.iiil l-er.liiM,: .IM.I N I U l l e i . n ies lu .1 

Kl \ l I ll ) - , ,\ |l H I .IIS l ) | \ IMI ),N, 1)1 N \ l l I I . NI \ \ (I i c n 

\ iiiiiir.Kl IIH .1 in.i|<ir JevilDpiiienl piiii'i.iii) nt Ihe c I ( HMMM.III 

l.iij'iiie " .Is leieived limii N A S . \ This en|'liie is |il.iMiieil Im use in 

A i b . i m e i l Apiillo applie.illoiis ll .ilso has poleiili.il use in eiiiieiii N.\ .S. \ 

and .Mr I nrcc priigiams 

Ihe Division produced Ils 4ll,IIO()lh lliillpiip eiij-iiie lliis year I 'lo 

diielion eil packaged limiid piopellanl engines (or use hy llie Navy ami .Mi 

F o r t e In Hiillpiip missiles will eonllniie ihniii[.'hiiiil l''(iii 

' t h e Surveyor vernier engines weie qnalllied iliiiin|! llie yiai I liese 

will steer Ihe lunar spatecrafi , malniain ils ailllikle. .iinl eiinlnil ils rale 

of descciil lo the moon's surface. 

The Division Is providing ec(nlpnienl for alliliiile lesi faeihiles asso 

d a t e d will llic Apollo and Neiva programs, 

t ixploralory piogranis progressed em prepaekageil lii|iihl and sp.iee 

propulsion syslcms. tomponei i ls , nialcrlals and high energy propellanis 

to meet Ihe more slilngcnl demands of fiiliiie pnipiilsion re(|iilieinenls 

Vi'ASA l< II DIVISION. IIHK.tlAM CIIA', Uf All 

Wasaleh conllniied produclion of niolors lor llie lirsl slage ol ihe 

Miniileni.in II missile. 

. \ eiiniiael lo deinonslr.ile a fifi l iuh iliaineler inoini iinli/lii|j a 

liliei(!lass III,inieni wound ease was lecelveil as a fiillnwon In llie \'UiA 

elforl » 'hkli eiilniinaleil In ihe sneeessfiil Iliin): of a nilllioii anil a half 

poiiiKl llinisl luiiloi I he deiiioiislialiiin iiioloi iinild llie eiirieiil piojMain 

will lie liiecl in ihe hisl half of \')li(i. 

t h e aw.iid of a coiiirael lo l leicnies I'owilei C innp.iny and I hlokol 

lor develiipniiMil ol Ihe lirsl sl,i(!e of llie I'oseldon missile was announced 

Z L ^ l ZOO AMH 
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during llic )e.11 I 'oseidon. .in ach. i iued Heel b.illisiK niissite is.il-'ll.i^v ''ii 

lo Polaris 

Develi ipnienl vMiik i .iiiiiiiiied mi ,uh,iiK\'il iui>...i | , | . n>'.'. 1. II<|IM.I 

liijeilion and lini (-.is iliiiisi \ e i l m on i l in l s\Nieiiis i . ' i .n. ' l l . iMi •nlul 

rockcl nimnis .ipplK.il.le lo .1 new sir.iljjM.. s inke niisMie Ineh i i . i i . l l i 

tibcrgl.iss e.ises and high eiieigy piopell.inls 

Sf.Kt I l i o c i s i l l t DIVISION. IIUHNSW U K . (.|C)IIC,1.\ 

In February, I'Jfi.i.a I ."ih inch diainelcr nioloi gcneiaiing t iiiillion 

pounds of Ihriisl was sueeessiully Icsled. Al ihal l ime, il was llic largesi 

solid propellanl molor evei hied in ihe fiec world, lu June, llie piograni 

was lennlnaled by NASA since sulfieicni funding was noi available 10 eon, 

l inue, following llie failure of ihe tirsl 2(iO inch diameler case duilng 

hydroslal ie prool Icsling There is nocviileiice llial there will be adeipiale 

funding in ihe Immediate future. Although ll Is our belief lhal ihcie 1:. great 

economic advantage In using large solid boosters for many applleailons. 

il appears al this l ime lliat ihe market will not nialerial l /e for a period of 

several years. 

T h e space hoosler plant has been placed In a slaiid by slalus pending 

Ihe oulcoine of efTorls lo l ind olhcr work suitable l o l h e pari lcular capabili­

ties of Ihe facilllles and location. 

(:iit:Mt(:At D I V I S I O N . n t i N i o N , N t ; w J I K S I I Y ; 

MOSS POIN I, MtSStSSIPPt 

Through Ils research and developmeiil cITorls over Ihe pasi several 

years. Ihe Chemical Division has grcally expanded Ils technological eapa 

bllilies, produci lines and marketing opporliinll ies. New acrylale and 

ure thane polymers were developed lor special markels and are now adding 

appreciably 10 sales. These successful elforls achieved lu l')l)5 a I.S':?. 

Increase in sales and In prolils, despiie grcally incrcaseil leseaicli and 

developmeiil expenses as well as price reductions ou sonic p rod i a i s . 

Research has yielded a new high performance engineering indnslrial 

p b s l i c , T l l l O I . O N * which is now in pilol plant p iodi i t i lon. tn adilliion, 

several new fluorocarbon polymers are now in advanced slages of develop 

P L P l SOO mu 

iiieiil \ Mê ^ p l.l III Is IIIKIL r emistinelimi a I mil Moss t'luiil IIK .ilimi Im ilie 

piiiilM. iimi I >t ihese pnU'iiiers 

111 I ' I ' . l .1 M i l k , lui;' 1 eiil. I vv .IS esl.ibhsjieil ill ihe l iei i lmi .Ilea 

III r 11'" lln I'-. I ll Sen i . e Inn, hmi W.IS eiilaii 'nl .iiul inoveil M Mils 

I iiiU I I "I nil, .1 •Mpp.'il III ^.lles .III'I poi.IlK I ilevel.'pilienl Ki se.iu ll 

.111.1 .1 vel 'pin. Mi l.l. ililies weie .lilin'sl ihuil'led in I ' l io 

Deni.iiiil I'll mil h'pii.l pnjiinieis Im .ippln.iln s •e.il.iuis in ihe 

,iiilmiimi\e .uui I'liiMiiiL' iil.liisiiies leiiiained liiin. ui lh some p.issihle 

cvp.iiisinn aiiiK ipaleil in ihe eiMiiiiig )eai Ciii ienl leeliiiKal and iii.nkeline 

el lmis aie diiei. led lowaiil Ihe mass 111.11 kcl Im se.il.iiils. \i\yU pi i Im lu.iii'.c 

spandev ami plaslie lilieis. high lenipeia luie plasiies. ami speeiail^ leill 

l l /eis. I hese aio all expanding marker arc.is which slimild enable llie 

Division lo bioadcn us business base ami maliilaln Ils gmwih rale. 

DVNASI AH I AltoUA le iKl lS. I>e)\'l H, NI W Jl IISI \ ' 

DevelopmenI work is progressing sallsfacloilly mi llie Dynaslar 

lighlwclghl diesel and spark ignlllon engines The lirsl prololype 1(10-

horsepower iinll has been Insialled on ii t ( . S. Cii.isl Ciiiard vessel and Is now 

undergoing Held Irials I 'eilorinance ol ihe engine has iliiis far been e<iccl-

lenl. Engines are also being evaliialed for liidiislrial applieaiions 

t l l lMI.IIIK S DIVISION, lOS ANC.1:1 IS, ( A l IIDKNIA 

Tlic lliiinclries Division Is conllnulng developmeiil wmk on a lainily 

of niedleal eleclionic liisliunienls which can be used hy eillier letliiilelans 

or physicians in ihe deleellon of physiological ahnoinialillcs. 

( Inc of Ihese inslriiinenls. ihc I 'honoCaii l loScan, a hearl sound seieeii 

ing device, has aroused considerable liileresl. Flic Cliicago llcarl Assoeia 

lion Is curiciilly cinploylng ihe inslninicnl in a sciecning Icsl ol lll.llllll 

school ehildieii 111 onlei 10 idcniify lliosc who have hearl ahum nialllies 

reipilinig piolesslmial niedleal .illenllon. 

In M.I I ell. \^>(ili. an agieeinenl was signed wheiehy 1 lee km.in iiisiin 

ineiils. Ine . a le.iilei in Ihc niedieal-eleelronic lielil. will markel Ihe 

I'honoC anIioSe.iri and leiakil ilcnis of ei|iiipni.-nl iiiaiml.ielined hy ilie 

l lmneli ies 1 livisimi. 
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R E A C T I O N M O T O R S D I V I S I O N . D E N V I L L E , N E W l E R S L Y 

Kcacl lc i i i M d l i i r s ce leh i i i l ed Ils I w c n i y - l l f l l i J i i u i ve rs^ ry lu l y d d 

l l was also Ihe I c n l h ; inn lversary year of I t ic pe iwcrp lan l fur Ihc X - l . " ! 

research a l , c r a t i . w l , l c h cDn l inucs l o scl spccet records tor n i a n n c d u i -

m o s p h c r i c t l i g h i . 

T h e D i v i s i o n received a c o n l r a c i f r o m N o r l l i A m e r i c a n A v i a l i u u . 

I n c . , f o r d e v e l o p m c n l of an advanced packaged l le|uid engine let power 

C o n d o r , a new N a v y a l r - fo -sur face miss i le , f r e x l u c l i o n c o n l l n u e d o n pack­

aged l i q u i d r o c k c l engines fo r ihe B u l l p u p a i r l o s u r f a c e mi.ssile. I n Ihc 

area o f space p r o p u l s i o n t e c h n o l o g y , d e v e l o p i u e u l is p roceed ing on Ihe 

C - t R a d i a m i c eng ine , a c o m p a c l . m u l l i p u r p o s e eng ine des igned for esc 

In spacecraf t a t t i t ude co , i t ro l a n d m a n e u v e r i n g systems. I n a re la ted space 

p r o p u l s i o n a c c o m p l i s h m e n t , ve rn ie r engines b u i l l hy Keac t i on M o t o r s 

p r o v i d e d the p o w e r f o r a t l l t i i de a n d ve loc i t y c o n t r o l a h o a i d the successful 

Su rveyo r t spacecra f t . 
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to 

00 

W A S A T C H D I V I S I O N , U R I G H A M C I T Y , U T A H 

t ' r iH iuc t i i i u o f M i n u l c i u a n l i rs l stage l uo lo rs and d e v e l o p m c n l of 

Ihe l i r s l stage o f t 'ose idon c o n t i n u e d , t i o i l i p rog rams have p r o d u c t i o n 

schedules eK le i id i i i g In l i i the I97 t ) ' s 

T w o ma jo r test l l r l i igs advanced o u r p o s i l i o n in large sol id p i n p e l l a i i l 

t>o<)slcrs. U n d e r con t rac t w i l h the A i r Fo rce , a I 2 t ) - i n c h d ia i i i c l c r i i i u l o r . 

deve loped and tested hy T h i o k o l , demons t ra ted a h igh |>erfor iuai ice 

p rope l l an t system. A t 5 6 - i i i c h d i a m e l e r m o t o r u t i l i / l i i g a t iher glass re in­

f o r c e d plast ic case was successful ly Ics led as a po ten t i a l stage f o r fun , re 

l a u n c h systems. Cou l r ae t s were rece ived f r o m the A i r l -oree for ad i l i t i oua l 

w o r k in d e v e l n p m c i l o f techno log ies l o r h u g e so l id hiMislers i n c l i i i l i i i j ; 

thrust vector c o n t r o l systems. 

( I I I M I C A I , 

I II f 111 . A l I )l •! I (A I l( IMS 
i i v f r j i e i N N i ; w l E R S i Y 

M l ISS i ' l i i i n r . M i s s i K t i i i ' i ' i 
C l I V L U T W Y f^NGe.Atsjr j 
l l u m . l N C i V e j N . C A N A D A 

I lie year was i i ia rke t l l iy l e c i i i d h igh | i f i u l i i e l i o i , levels in i ,eai ly . i l l 

| i i i . i l i i i l l ines. I he p r i K l i i i i i o i , lucre.,ses, al . le i l hy e n u l i n u e d i i , ,p , i .ve 

i i le i i l in i , )an i i l aeu i r ing e l l ie ie i i cy , more l l i . i , , oHsei the e l lec is i i l p i iee 

re . l i i c l lo i i s . 

I n h u i l i l i n g eous l r i i c t i o i i , the use o f I I " pn lys i i l l ide hase seal.mis 

l i ie ieased in j o in i ,seallng and wea l l i e rp roo f l i i g app l i ca t ions Use o l c n i n -

po i inds in ihe heavy c o n s l r u c l i o n areas - a i r l i e l i l s , h ighways , wa te r ca r r y 

lug s l r c i c l i i r e s - a l s o showed act ive g r o w l i i , due i i i a lu l y to new p , i ) i l i i i i s 

e l e v e l o p c d hy Ihe D i v i s i o n ' s T e c h n i c a l S e r v i c e a n d D e v e l o p , , , c u t 

t .a l .o ra l . i r i es . 

( ' i i n t r i h u t i i i g heavi ly l o sales w.is the use i,i Ihe a i i l i i i uo l i ve , i i i a i i i i e 

i i i i i l o i i g i n a l eq, i l | i ,nent n ta i kc f s o f pr iHhic ts based cm ' T h i o k o l s pn ly 

mcrs and syn lhe l i c r i ihhers . These ra i ,ged i i , a|>plical i i>„ I r o m a , , l i . i i i i i i i ve 

w indsh ie l d scalanis and I ra i ismiss io , , seals to ahras lo i , resls lani im lns -

t i i a l ro l le rs . 

Sales o f special ly syn lhe l i c e l a s l o i u c s and p las l i e l / e i s I n Ihe i i i l i i . e i 

i i i i l i i s l ry also increased, t h e g r o w i n g var ie ty o l app l iea i ions l o r Ihe new 

i i rc l l i a i i c a n d po lyacry la te l u b b c s proi, , ises c i i n l i n i i i n g g m w l l , in l ha l 

marke t . 

T x p i n l sales l i iereaseil 2^ '" i ( l u r i ng the year. A h igh level n l e m . 

s i i i i i i i o n a c l i v i i y in l l ie l l n i lee l K i n j i d o m , l i i i r i i |H. ' , ( a i iada, Japan an. l 

o l h c r pa i l s o f l l ie veorl i l . c i . i i p led vvil l i the Inercasl i ig use o l 1.1*" |M)ty-

s i i l l i i le based l i i i i l i f i i i g sealai i ls . was lar j ie ly responsible l o i l l i is ael i ieve 

n ie i i l . 

A new s i ibs i i l ia ry . I h i n k o l C a n a d a I i u i i l e . l , was cs lab l is l ied d i i i i i i i ; 

l l ie year l o p rov ide closer and m o r e cfTective contac t w i t h C a n a d i a n 

u ia ike is . 

Heseaieh and i leve lop i i ien l on a new c g l i i e e r i n g plast ic and ex l i i i i led 

sp.i i i i lex hber were car r ied l o an advanced slage. D e v e l o p m e n t w o i k on 

Ihe l l i i o i 1)1 a i b o i l lesli i l ine lias resulted in new p n u l u c l s and the eslabl is l i 

ine i i l o f a new piocessl i ig un i t w h i c h began o | i e i a l i o „ s ear ly In 1967. 



INDUS IHI AL 

L O G A N D I V I S I O N . L O G A N . U T A H 

In I9(>(>, I o|:an , , i l r iH lueei l a new series l o Us l . in i i l y i'l l i . i eke i l 

vehic les f o r o i l ihe , . . , id app l icaMou ( a i l e d Ihe J l l ( i ( i l K N A l 1 1 ' " v,; 

h i d e its miMlels range in ca r r y i ng capac i ty f r o m s,x l o t h i r l y Ions t \ p i e a l 

cus tomers fo r these l . i ige vehicles arc o i l c o m p a n i e s , e l c c l i i c . i l i i i i l i l i es , 

a n d geophys ica l e x p l o r a t i o n g roups , 

W i l h Ihe a d d i t i o n of thc J t K i C i t i K N A t I P " veh ic le , l l i e ie a ie e m 

rent ty l o u r t e e n lypes in Ihe T h i o k o l l ine. Des igned fo r a var ie ty of per 

f o r m u n c u requ i reu ien is , the vehicles are be ing used to t ranspor t men a n d 

e q u i p m e n t over rough t e r r a i n , I raverse s w a m p s , grcH)m snow slopes for 

st(i resor ts , pa t ro l w i l d l i f e preserves, serv ice p o w e r l ines and c o n t r o l 

inosqui lex:s. 

Sales o f ihe ove ra l l l ine c o n l l n u e d lo g r o w h o l h in the t l n i t e d Slates 

a n d al>road. l -ore ign sales —nuis t ly fo r use i n E u r o p e —accouu led fo r 

2 5 % o f the D iv is ion 's revenues. N e w d i s l r i h u l o r s , added l o the di^ iucsi ic 

l e a m , c o n t r i b u t e d to i m p r o v e d sales. 

Tac i l l l i es were expanded and m o i l e r n i / e d d u r i n g the year l o r i i i i -

p r o v e d e l l i c iency . M a n u f a c t u r i n g a iea and a new p a i n t i n g b u i l d i n g were 

a d d e d , E q u i p m e n l added to the p r o d u c t i o n l ine e l i m i n a t e d cer ta in sub­

c o n t r a c t i n g w o r k on c o m p o n e n t par ts . 
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P A N E L Y T E I N D U S T R I A L D I V I S I O N . T R E N T O N . N E W J E R S E Y 

T h e use o f a u l o i u a l e d eep, ipment . r educ t i ons in i i n i l l abo r eosis, l i i i 

p r o v e d e l l i c iency in the u l i l l / .a t lon of i n a l c r i a l and ihe i n t r o d u c i i o i , t i f a 

new p r o d u c t II,le a l l c o n t r i b u t e d lo a p i o l l i a b l e o p c r a i i o n In 1966. The new 

p r o d u c t , u l l r a - l l i i n copper -c lad e p o x y l l b e r glass l a m i n a t e , added s ign l l i 

c a n i t y to sales. I Iscd to m a n u l a e l u i e c l i c i , i t boa rds fo r n i l n i a l m l / e d elee 

I r o n i c app l i ea i i ons , the mate r ia l i i ieels r i g i d q i i a l i l y c o , i l r o l speel l iea i ious 

1'l i is qua l i t y l am ina te jo ins a b road l ine o f paper , canvas, l i n e n , 

glass o r n y l o n c l o th base lamina te mater ia ls f o r genera l a p p l i c a l i o n in 

the mce l , an i ca l , e lec t , lea l and e lec t ron ic m a r k e l s . T h e range of p ropen ies 

o f f e red b y these I tems is as d iverse as the base ma te r i a l s : s t r uc tu ra l 

s t r c n g l h . r i g i d i t y , super io r d ie lec t r i c charac te r i s l i cs , goexJ m a c l i i n a h l l l t y . 

a n d water les lstance. and d i m e n s i o n a l s tab i l i t y . 

• ' 

-S.iles . l e i iM ly M.IS aeeeler. i led ni l spe i i a l l y t a b i l e a l i o n u l e i . inpn i ie i i l s 

l i o i i i l ; i i i , i i , . , ied s l ieel . r i n l and lube and mve i i lo r ies o f „ , ; i l e r ia ls were 

i i i a i i i i a i i i ed a l levels w h i c h assured a ino ie l a p l d response l o eustoiner 

, e i | i m c i n c n i s . .-\s .1 result of ihese steps, s.iles losi by d iscor , i l i u , l i , g ec i l a i i , 

u i i p i o l i l . i b l e p roduc t l ines have been recovered 

H U M E T R I C S D I V I S I O N . L O S A N G E L E S . C A L I F O R N I A 

T h e H u m e l r i c s D i v i s i o n is cu r ren t l y p roduc ing l l i ree med i ca l elee 

I r on i c ins l ru ,ue, i ts designed to a id physic ians and to t r a i n m e d i c a l s i i i 

dents 111 the de tec t ion of abnorma l i t i es o f the heart A l t e r ex iens lve c l in i ca l 

ev . i l ua t i on .one o f these, the PI ,onoC!ard ioSca i , ' " , ns t r i , n ien l , was approved 

by Ihe A m e r i c a n t l e a n Assoc ia t i on , the C h i c a g o Hear t A s s o c i a i l o n and 

Ihe 11,,lied Stales I 'ub l ic Hea l t h Service as an acceptab le mass screening 

dev ice f o r the ear ly de tec t ion o f heart disease In c h i l d r e n . A d d i l l o i i a l 

i i i s l r u i , , e „ l s , adva, ,ced In concep i , are now t ie i i ig deve loped as co i i ip le 

inei i ls to the preseni Hue. C l i n i c a l eva lua l l o i , o f ihese devices is expeele i l 

to con t i nue in 1967 

D Y N A S T A R L A B O R A T O R I E S , D O V E R , N E W J E R S E Y 

1966 m a r k e d co i i i p l e l i on of the ma jo r p o n i o n o f l l ie deve lnp i i i e i i i 

o ( l l ie 100 hp. D y n a s l a r ' " diesel engine A q i i a n l i l y o l p rep i iKJ i i c l l on pro 

lo iypes is be ing i nan i i f ac tu red fur f ie ld service les l lng. I 'e r fo rn ianee u f l l ie 

c o i „ p ; i e l , l i gh i u e l g l i l D y n a s l a r ' " engine has aroused i d i i s i de rab le in iei 

esl . especia l ly l o r i na i i ne . c lec i ro gencra lor . and o lhe i i n d i i s l i i a l a|>|i|iea 

nuns .IS wel l as Iu r n,Hi lary use. 

T x p e r l i n c n l a l e,igl,,es are e m r c l l y in upe ia l i u i i a l l i i j i s w i i h ll ie 

( u a s i ( i i i a r d and ihe N a v y , w i t h another scheduled fo r de l i ve ry l o Ihe 

A i r Turce . T h e Coast ( i i i a r d engine has been in si icccsshi l ope ra i i o i i in 

a new tlesi j in t ,ual for over a year. 

I l l 1966. the C o m p a n y adup led Ihe pol icy uf e l ia rg i i ig l u e i i r i e i i l 

upera l lu i is a l l expend i l i i r cs In connec t ion w i l h ihe d ^ e l u p n i e n l uf the 

D y n a s l a i ' " diesel eng ine I n p r i o r years, such cusis | ^ ^ B ( ' i , de le r i e i l 

tie d^elu 
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DEFENSE AND SPACE 

t l l t d c , , l r w . o . i l I . .1,1 l i l i i i l i - . ; I • ' I I I I .1 t s. i l l . \ t i < , , | . . i < i 

I ) , \ i M i . l l s I u l . l . t l . i i l . ' i l M | ; l u l l , . n i l t> I " V11.11 i n i l i l . n ) . . . i . l 

U . l l i . i t i . . l s p . u e | i i u ; , ; t . o i l s 

W l . l k . . I I i l l ! 1.11^1 l l l ^ l s l . i . ; i | . | . ' j . i i l . l . >ll ^ ) . l l l t l ^ 

I . . I i l l . M l l l i l l . ' l l l . i l i . m i l r < . s ( l . l . Ill I I I I S M I . . | > i . II . , l i e d . >it 

s< Ill-dole. Mmitit-ni.iii is ilii- ii.iii->iis iii.i|<,i .ipri..ii<>ii.il 

land b.iseil sli.iii't;ii deli i i.-iii \\.-,ipu.i. Tusi iduii is ilie 

scii.liil gr l i r i , i i iui , llrrl b.illisiii iiiis,,ili ivliiili v\ill lie 

e:.,,, lt.*d by ,l,c l*ola,is sulniiai iiics wlirii (le.-veli.piiu-iil 

is iiMuplelcd, 

t h e (ai,,,p.i,iy \v,is scle-i led to ilex'ilup the lu ikc i 

luolois tor ,he 11.S Aii,,y's new su, lace l o a n (lcli,isive 

iiMssile, S,AM t> t'liiebcccioii ie.,s i.Mieived uii che siisiainer 

niutois for the ,Vri,iy's Nike t I ce ules a,iil,iiiciaft lulssile 

and e:o,itiiii,cel fo, the Navy Siibi.K: ,tiiiisiibii,aiii,e mis­

sile, l l i e l)i 'pa,tiiieilt of l)< tense in t!l(i7 aiiluicun ed a 

t iuiited deployineii l ol the S..,ill,,el .iiilib,,llisii(' ,nissilc 

system in whleh 'Thiokol will pail ieipace l lnoogl i deverl 

opint:i,t ami p,iHliie lion ol the Spai ian n,issile piopuls ioi i 

sysieiii. These cHo,Is li i i l l ier s n c g i h r , , the Ci„iip,iny's 

a l ieady siioiig posil ion in dclenslve' uiissili' piopii ls io, , . 

The leepiiienieiits of ilir Vieinaiu w,,, sliaiply i,, 

ciease-d pieNliii l ion <il pyioici linle: a,,d oi( l„a, ice devi. es, 

Developeneiil and den,o, isnal iui i of iu,p,..v(el illi,,,ii 

Hants w,is also ini i lated. 

t i | tlie sp,iee prog,a, i i , Tliiuki.l pn .v i i ln l die p i . . 

p,,lsion lel iabil i ty and p,i.'iision reip,i ,eil loi seveial 

i,il|>Oilaut inlssioiis Dull, ihc liipiid p iop i l l .mi ai i i i i ide 

eonii i . l ei,gi,,es and solid piupi-lhuu "bi . ik l i ig" l e i io 

viMke-ls wcie- siippll.'.l loi all ilii; Siii\ 'e)ui lliglits. ;m 

I, , ,man,led liiii.o l.milin;^ pi..L;iam li.iile.l b)' ihe pii--.s 

as "peil , , ,ps the giiMfesi tei Imului^le.il .u liie\ eiiieiii ul ilie 

space age, " 

'TUioUol lielped man move cl.tscri It. ,, holding on 

llie III.Hin iviib llie SIM eessliit laiiiii ll i.r il.r . \poll .>'S,IIurn 

vehie le. t-lfieeii ol ibe Con ip:ii,y*s s. .11.1 pi ope It.in, IIK kc-i 

inucuis we,I' used lo {ciiison ilii: e.si ape luwr i . si-p.iiatr 

v e l i l i l e - s l . i ^ i - s , l , l i l f u i i e l l i p i i i l p n . p e l l , m i s l o i l i e i i i . i i 

engines d m ing lll^liI 

r i u i l i i i l l u i . u l s . i l h l {11 u | i e l l . . . i l t : . i s lu> .111.1 s | i l l e t ll .ll 

i i i< , t< . l s W.IS III I I I I I . . i i i e i l ..I .. I I I L ; I I I I A I I l u i . m m t i r . i . i i i ) ^ 

l U U I l l . t I I,I . | . . | . I l l l l l l l si M I n i I, S Ml. ll . l^ 'SI U l l l . . \ l l l l II . . . 

l l i i i i s I \ i i ; .1 l l i i i i . I I n i i s l . \ i i > ; i i i . i l l . i l 1,1 l l . i . m i l 

U i . i l . i l 11 

l i l t C > i i i i i i . m ) s t IU II < i iHi i i l l l . i l t i i r . i .Ml l I n i l III I .11 l.l 

I ' l l II ) W.IS III . . . I I I . Ill ll i l i i l lllf^ l l i i ) i ' . l t b y p t i i i t i . l s i III l l i e 

l l y 111 p i i i i l i i i l l i n e 1 III SI l i ) . t t I .ll . i ; i i .ll l l . s l I .Mill I l l s . 

Ill i^m.illy I I i-.tit «1 II > iiiuiiil'.i tv.ilt I .mil situtv I millII lulls 

III l i l l l i . l t ' . . I t . I S . . . I t - . l l s u III III;,; . l l l . i p l i ' i l l u p i u x ' i i l t i l . i l . i 

ull U'.tltrl pullmioil It vt'ls. Itsiii|^ eel.it Irs .mil .st ielilllli 

p.l)lu.uls tlevt It.pt.-tt by lite ( ^..ilip.ll.y It.I .11 muspliei It 

lese.iifli, Tliiiikol piri.sumiel i unilni it .1 lli^lil ,i-i,s Im 

N/\S<\ bulb 111 lliis ti . i i iuiy .mil . i l . imtl. 

Sigiilfit.mi lit vtlupiiii Ills tliiiiii); lilt' )i.ii iiiiliiiltil 

l e t liiinliifi^Y / l l , SI.lilt lesI 1,1 logs ul I L'll im li .iiicl I .Mi In. Ii ili.iiiiflii suliil 

ilill'ilIK r d J I I I I J I I I I M I I I I p iupi j l .mi lu tke , mi.luis wiili . idv.mttil ,liiosl vtt iu. 

AVs/(';/M 

I'l m l III 11 III! 

a i i t i ' i i i i i l i , - e 

d e s i g n m i l l 

l l l U l l l l l l l l ' l l 

t i iul iol syslcms. I , , , the, l<si,,.g ul b.ilh llipiiil ,,,id ,si.liil 

ail ,iiigiiie,,,t'il iiHkel piopulsiun sys,t ins ,iiiil <li ,,iui, 

sll,ilio,,s til a I on 11 oil,I bit- "sl.ii I slup slai l' sulnl piupel 

l.u,I , , ,ti,o,. St:veial RlC'l) i um i .it:,s weie le. iivt-tl tu 

deu,t.,isl,.i ,e piupiilMon i ap.,bill(,t-s ap|.lie.il.li' 1.. M.il-

liple liidepi'iiileili U e c i i y Wl in les ( M I K V s ) . 

/\ new elasioiiiei, t:ai Ix.xy ml lost, i i ibbei, aile.mi eil 

iiuiii llie l.iboi.iiu, y 11. liiiiiit.l jtitHlm tion. This clas-

It.iuei possesses ni.cny th-siiable ptup.-i lies, s tub as t.til 

si.iiiilmg I lieiiili al it sisiaiit f. st i vit eal.iliiy t.vei a ividi 

lt-iiij.t,.ii lilt- i.iugt. t-xt'elle,ii ,ibi,isiu,i I I'sisiaiite anil null 

Ikimiiiabiliiy in a Mill';,', uxygtii .iimi.splii le. 

TRANSPORTATION EQUIPMENf AND MATERIALS 

r .u i l i i i i s III ilii' (;uiiip:my lillnl .i v.n lily ul t i is iuimi 

irtpiiielliellls In ibis biu.i.l liiaikel. 

Anui it an .oiiuiiiulive nr.mtil.itiiiu is iiiscdl.il wiiul 

sliii'ltls and ici i ivnitlows wiili se.ilaius base.l e.ii I.T" 

p u l y s . i l l i i l e l i i p i i i l p t i l y i i H i s D e s i g n i i . j j i m i l s s f i . i p t ' i l 

p i u l u l ) p e s u l l i . M . u l l i i u i l i Is W i l l i l i l t - a i d u l l i i u l i l 

i n ; ; 11 i i i i | i u i m ' t s l u l m i l l . i l l .1 ll I ' l 

p l i i i s III l i l t - l l i i l l l s l i ) i i l . l i / i i l |̂ 
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motors were iî e.>tl for an iiicniasintj num­
ber of lac icb antl to-,.! vtibiclos sc,t;l, as 
Scout, All iona, l!)L'lla, Ihiu.sTAuijmenled 
Delta, and Bi,i,ior II Tliiokul received a 
contract to develop and produce spheri­
cal motors lor NASA's Advanceel Delta 
Vehicle, and tho Castor IV motor was se­
lected for Ihu Ai lvai i tc i l Athena Vehicle 
I IProduclion ol pyiule'Cbnic .mil urtlnnnce 
items was iiiaiiit,iini;il ,il a liitjb tovi.-l 
Iheougbool Ibc yi:ai Tlii: 10 luill ioiil l i i i i i ind 
o l i l lu„,i, ial in9 aiitniiinilion w.is prudiiccd 
as pad ol a contini.iiitj pioip.ini ioi the 
Army, Sovur.-il new illiiiiiiiianl tievicijs wejie 
also introduced. 

n. A. McElvogu* 
Gcnmal Mandge. 
LonghDin D.vis.on 

H. * Koch 
G..-ni ral M.injyur 
Ruaclion Moluis Uivis.on 

J. M SloiM 
Gi.ni.'rol Muie.gt.'. 
Wasatcli Division 

f I Processing lechniriues developed in the 
manufacture ol solid propellant rocket 
motors and conipany-iiponsored research 
led lo new business opporlunilies. Among 
these were conlracis from Ihe Air Force 
lor Iho e|ualillcalion ol two now flares; 
I romihe Arn,y, hu the piodiicl lon of mlll-
I q^^Kp in i ca l s ; Irom the Atomic Energy t a ^ ^ k e i i w 

Coniinibsiuil, f'Ji Il l i ; lil»i:u)l.i:.-. n i i n l uu i : 
rnent of a 9'1-iiir.li ili.iint;li:i sli.'t;! (ii jn;; .mil 
tor doinonsltalion ul nnptuvi.'d iiiuiiilioiei 
concepts, cxplo-jr/cs. .iml iii.ilt.'ii.it:, fm 
nonpropiilsion .ipjilicalions 

Other new biisnioso . iw. iu l . nn Imli.- i ln ' 
nianulactiiro of v;ilvr.", I.-K ll.u Til.in III 
la i in t : l l v o l u c l i ; . | i u ' r r , u i u lu.u l. i iutu) .d i|.i'i 

t l i rb i r ie c u i i i p u i i i T i l ; , . iml ) ' i i , ) . . l i l c . , . i i i . t 

l l i e f |U. i l i f . t ; , i l i ( i ( i u l .III i . 'H j ' i uwd . i n . I.,(I 

pilol esc.ipi! sy I- " i 

C u M i p l i l l l ' l l u l 111. : . i , i . ' ' , " 1 1 " i i i i . i , I 

, i i i i i i i i n n i iH i ' . i p ( ' . i i k i i i . .1 i i . | i i i i i i.'iii|iiii.> 

p i u i l i i i . t i i . i i I.Ill- III I'lli ',' ,1-. i . i ' l l .IS .1 sh . i i p 

thop 1.1 f.iiiilini) lul 1II|IIH1 (iiujii i lsiuii ;,y,s-
tenis lesi i l tc i l to .i vt;iy t,vtb^,lanli..l de­
crease in woik levels ,it Iht: Roai lion 
Motors Division (^poialiuii;, weie cuiisoli-
daled, personnel reduced, .iiid adililional 
work secured, such as inacliining o( gas 
turbine components and projecliles El-
forts are conlinuini) to inciease the utiliza­
tion ot this lacility 

f I Continuing a<lvaiu;t;iiit:iil in lot liiuilu<jy 
was demonslialed durintj Ihe ye.ir The 
world's largest segineiilod libeigl.iss mo­
tor case — 156 inches in ifianieti;r, spun 
from over 3t million miles uf libergl.iss lila-
ment — pt. i fonned succesidiilly in a lest 
firing In luno. The molor t jcneialed in 
excess of one inillion poinuls of IhrusI in 
the two-niinuti; t.;st. Otl.. : , nujlur tilings 
confirmed a tt:;cliiiolut,ical bie;ikl l i iuugh in 
high burning lale solid piopt.-llants afifili-
cable to future tioleiii.ivu .iiiii ollt;iisivt; 
systems. Fluid-ctKltrollct^ .uui dual cham­
ber soliti prope'll.'int niolors wii ie i.ticess-
hilly testt.'d, yiel.liiu) valii.il.lii tut linulugy 
ap|>licable lo Fv1iilli|ili.' Iiuli.'pi.nili.iil «.:-
enliy Vebiele (tvllKV) piupnlsion systiMiis 
A significant deinon:d(alioii of ini.ll|ple 
stop-slart anct thrust inoiliil.il ion o l solid 
propellant motors was also aturoiiiplislieif. 
These ami othei technic.il accomplish­
ments achieved duiing llie y e n strengllien 
Ihe company's ablllly lo (lail icipale ir^ 
luture aerospace business. 

in 
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AETNA CASUALTY & SURETY COI-lPAl^Y 

POLICY NO. DATES OF COVERAGE 

AL 
AL 
AL 
AL 
AL 
AL 
AL 

04 AL 
04 AL 
04 AL 
04 AL 
04 AL 
04 AL 
04 AL 
04 AL 
04 AL 
04 AL 
04 AL 
04 AL 
04 AL 
04 GL 
04 GL 
04 GL 
04 GL 
08 AL 
08 AL 
08 AL 
08 AL 
08 AL 
08 AL 
08 AL 
08 AL 
08 AL 
08 AL 
08 AL 
08 AL 

9300 
11000 
13600 
16000 
18400 
20700 
23600 
027300 
119000 
121380 
124200 
125900 
128010 
131050 
133066 
133113 
243539 
243599 
247727 
251339 

1451 
1500 

55442 
237659 

4900 
5310 
6841 
9019 
11316 
13760 
16223 
18031 

019651 
021787 
099572 
102386 

RRY 
RRY 
RRY 
RRY 
SR(Y) 
SR(Y) 
SR(Y) 
SR(Y) 
SR (Y) 
SR(Y) 
SR(Y) 
SR(Y) 
SRA(Y) 
SRA(Y) 
SRA(Y) 
SRA(Y) 
SRA 
SRA 
SRA 
SRA 
SRA 
SRA 
SRA 
SRA 
RR 
RR 
RR 
RR 
RRY 
RRY 
SR(Y) 
SR(Y) 
SR{Y) 
SR(Y) 
SR(Y) 
SR(Y) 

59/01/01-
60/01/01-
61/01/01-
62/01/01-
63/01/01-
64/01/01-
65/01/01-
66/01/01-
67/01/01-
68/01/01-
69/01/01-
70/01/01-
71/01/01-
72/05/01-
73/05/01-
74/05/01-
75/05/01-
76/05/01-
77/05/01-
78/05/01-
79/05/01-
80/05/01-
81/05/01-
82/05/01-
57/09/01-
58/09/01-
59/09/01-
60/09/01-
61/09/01-
62/09/01-
63/09/01-
64/09/01-
65/09/01-
66/09/01-
67/09/01-
68/09/01-

60/01/01 
61/01/01 
62/01/01 
63/01/01 
64/01/01 
65/01/01 
66/01/01 
67/01/01 
68/01/01 
69/01/01 
70/01/01 
71/01/01 
72/05/01 
73/05/01 
74/05/01 
75/05/01 
76/05/01 
77/05/01 
78/05/01 
79/05/01 
80/05/01 
81/05/01 
82/05/01 
83/05/01 
•58/09/01 
•59/09/01 
•60/09/01 
•61/09/01 
•62/09/01 
•63/09/01 
•64/09/01 
•65/09/01 
•66/09/01 
•67/09/01 
•68/09/01 
•69/09/01 

• 
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tr^H \B\ T rJo iT 

CONTINENTAL CASUALTY COMPANY 

POLICY NO. 

CCP 
CCP 
CCP 
CCP 
CCP 
RDU 
RDU 
RDU 
RDU 
RDU 

743 
854 
903 
988 
248 
997 
997 
997 
805 
975 

65 
96 
29 
08 
32 
76 
78 
79 
26 
93 

24R 
74R 
22R 
86R 
47 
52 
11 
71 
27 
35 

DATES OF COVERAGE 

69/09/01-70/09/01 
70/09/01-72/03/01 
72/03/01-74/03/01 
74/03/01-76/03/31 
76/03/31-78/03/31 
60/04/04-63/01/01 
63/01/01-66/01/01 
66/01/01-72/01/01 
72/01/01-73/05/01 
73/05/01-74/05/01 



'^o\i<Dir N o , \(^ 

.INTERNATIONAL INSURANCE COMPANY 

POLICY NO. DATES OF COVERAGE 

540 310627 8 81/03/31-83/03/31 
540 310690 8 83/03/31-86/03/31 

» 
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o 
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c^K\e>\ r NO ^ i q 
.vrw TtRSEY DEPAJITME.VT OF E»fVmONME>tTAJ. PROTSCTTON 

DfVTSION OF WA5t2 SJAWAGSME-VT 
aAiAaxjotrs s m MmsATiON AStawisTJunoN 

QUUSAU OF SNBUSTXUAi. SR2 gVALUATSON 

©JVmONMINTAi. O^AWW aiSFQNSS3SJTY ACT (ICSA) 

©JTHALNOTiei 

STTC FVALUATION SUBMISSION (SES^ 

Poga I of 4 1 

Tnis is the second pan of a fwo-part application submirtaJ and must be submmet^ within 30 days following public 
release of the decision to close operations or esecuuon of an a^eement of sale or option to purchase. 

SAME OF I>fDUSnUAl EST.AJUSHMENT 

ADDRESS 

CTTY OR TOWN 

MUNICIPAliTY 

QAT? N Q V P M R F R 11.1' 

MASDEN INDUSTRIES 

Corner Stickle Avenue & Elm Street 

Rockaway 

Rockaway Boro 

ZIP CODE 

CQWTY. 

07866 

Morri s 

.N-A.ME OF PROPERTY OVWER 

FIKM:_^ 

ADDRESS: 

CITY OR TOWN: 

>iMUMCI?ALrrY 
J 

Joseph S. Klockner 

KLOCKNER & KLOCKNER 
164 Franklin Avenue 

Rockaway ZS' CODE: 07865 

Rockaway COUNTY, Morri s 

i 

SUBMIT TBE ORIGINAL PL US T W COPIES OF THS FPU. 0 f̂ fNG: 

INOTZ: HTM FOURTES.^ (14) MQUIMS T 3 M I COPIES) 

A scaled site map identifying ail areas \s?heye hazardous substaaees or wastes have besa or cusrsatly are 
ssnerated. i-nanufaetured. rei'med. transported, treated, stored, haadied or disposed, above or below sround. 
IS THIS MAP EMCLOSEDf? I^YIS (SOT A??3a^ o^=L =) ONO 

10. A detaiJed descnation of the most recent ep@m£ions aad prse^s^ as the industrial estabiishnient or^nized 
in the fonn of a narrative repcn desjgaed ts guide the Departiaeat step«by<3tep through a piant evaiuauon. 
with particular emphasis on argas of the process stream ^here hassrdeus substances and wastes are senersted. 
manufactured, refined, transported, treated, stored, handled sr disposed sn site, above or below fround. 
.Also identify any floor ds^ins with thes' pomts sf d^sha^e. septie systems if apptieable. seepage pits and 
dry wells. Please note that estabUshments which ceased production prior to December 31.1983. but are 
subject to ECRA because sf on^gomg storage beyond that date, raust prsvide details on past operations. 

IS THIS REPORT INCL0SIB1 ^ YIS (l38 Appsa&s o J = ; S N D 

IF YOU HAVE CHECKED "NQ-. STATE THE RlASON(S): = = = = = = = = 

5d 

o 
o 
to 

00 
C30 



^aet 2 o i A 

I I . A. A descnpiion of the types, age (instaUatien datt). construction matenai. capacity, contents, and locations 
of storage vessels, surface impoundmenu, landfills, or ether types of storage facilities, including drum 
storage, contaming hazardous substances or wastes. 

) ARE THESE F.ACILmES IDENTIFTED ON YOUR SITE MAP OR DESCRIBED IN A NARRATIVE REPORT" 
23 YES (S«8 Appendix • 1 -l S NO 

IF YOU HAVE CHECKED "NO-. STATE THE REASON(S): 

B. The mtefnT>' of all underground ta.-iits which contain hazardous wastes or subnancss must be ve.-fisd 
This may be accomplished LH one of several ways: a) Penomiance of a satisfactory leaic test m con­
formance with Critenon 329 of the Nauonai Fire Protection Association, or, b) Performance ot 
subsurface soil in'vestiganon (soil borings and analysis), or: c) Excavate and remove the tank and 
establish the absence of coniaminaticn. or; d) other methods approved by the NJDEP. 

AAE THE RESULTS O F THE L£AX DETECTION TEST OR THE SUBSURFACE INVESTIGATION ENCLOSED? 
G YES (See Appendix« 1' i 2 NO 

IF YOU HAVE CHECK "NO". STATE THE R£ASON{S): 

A complete inventory of hazardous substances and wastes, including descnpiion and locations of ail hazardous j 
substances or wastes generated, manufactured, refined, transponed, treated, nored. handled or disposed on 
site, above and below ground, and a description of the location, rypes and quantities of hazardous substances 
and wastes that will remain on site. (Attach additional sheets if necessary.) Review N J..A.C. 7:1 £, .Appendix 
A and N.J.A.C. 7:26-8 pnor to completing to ensure that all defined h&zardous materials arc included. 

H U I U O A L QVAitfrrr LOCATION STORAGE METHOD 

Methanol !55 gal 
lArea.5 
IWire Forming 

TCTSStATT 
I ONsm 

lArea 7 
Methylene Chloride 155-100 gallTube F i l l i nc 

55-gal drum No 

Trichlorethylene '55 gal 
Are§ 8 
Bulb Sfa^ipQ 

55-gal drum No 

55-aal drum ' No 

I 
^ I 

w 

o 
o 

*Used in production ^ 



^«9i 3 of 4 

I J . A. A detailed desciipuon. date and locauon on a scaled map of any known spill or dischaiie of hazardous 
substances or wutes that occurred dunng the historicai operation of the site and a detailed description of 
any remedial acuons undertaJcen to handle any spill or discharge of hazardous substances or wastes. 

" ' ^ (Attach additional sheets if necessary.) 

IS THIS INFORMATION ENCLOSED? x ^ " ^ ^ (S«« Appendix • 1 ) 3 NO 

IF YOU HAVE CHECKED "NO", STATE THE REASON(S): . 

ARE THE SPILLS IDENTIFTED ABOVE ESfDlC.̂ TED ON THE SCALED SITE MAP^ 5^ YES ^ NO 

IF YOU HA\'E CHECKED -NO". STATE THE RJEASON(S): 

13. B. Ifthis taciiiry has an approved SpillJ*revenuon Control and Countermeasurt Plan (SPCQ. enclose a c o p * 
with tius submirtaL I 

IS YOUR SPCC PLAN ENCLOSED? CJ YES (Se« Appendix • _) 
£2 NO. diis fadiity is aot nauued to have in SFCC plan 

1 

14. A. A detajjed sampling or other environmental evaluation measiirement plan which includes proposed soil. 
groundwater, surface water, sunace water sediment, and air sampling determined appropnate for the 
site. (This sampling plan must be developed in confonnance with ECRA Regulations .N.J..A.C. 7; 1-5.14 
et sea., and Qualiry Assurance Guidelines as developed by DEP) 

ARE THREE COPIES OF THE SAMPUNC PLAN ENCLOSED? 22 YES (See Acoendi.'̂  • - ^ 
C N O 

IF YOU HAVE CHECKED "NO". STATE THE REASONfS): 

14.. B. If the sampling plan includes groundwater sampling and/or the installation of monitoring wells, the 
applicant must complete a "Request for Hydrogeologic Assessment" form (blank form attachid). 

IS CROL'NDW..VTER SAMPUNC PROPOSED? C YES O NO 

IS THE "REQUEST FOR HYDROGEOLOGIC ASSESSMENT* FORM ATTACKED? 3 YES (S«« Apptntl:.i • ) 
'ZX.SO 

'i 

W-
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o 
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IF YOU HAVE CHECKED "NO". STATE THE REASON(S): 

f »g t 4 e< 4 

The quantity of possible 

fuel oil leakage and spills would have been small. Sampling 

") proposed now covers the soils around the fuel oil storage tanks 

15. A detajed description ofthe procedures to be used to decontaminate and/or decommission equipment and 
buildings involved with the generation, manufacnire, refining, transponation, treatment, storage, hancluig, 
or disposal of hazardous wastes or substances including the name and location of the transponer. the 
uiumate disposal facility, and any ouier organizauons involved, 

IS THE DETAILED DESCRimON ENCLOSED'' ^ T E S (S« Appeniiix • L ) ^ N O 

IF YOU HAVE CHECKED -NO". STATE THE R£ASON(S): 

16. Copies of all previous soiL groundwater and sunace water sampling results, including effluent qualiry mom-
tossg , conducted at the site of the industrol esublishmest dunng the history of ownership/operauon by the 
owner or operator. Also include a detailed description of the locuion. coUecnon, chain of custody, meth­
odology, analyses, Labontory. quality assurance/quality control procedures, and other factors mvoived in I 
preparauon of the sampling results. ' 

ARE HISTORICAL RESLTTS ENCLOSED? U YES (See Appendix • ) XJf.VO 

IF YOU HAVE CHECKED "NO". STATE TnE REASONfS): ; 

No sampling has been performed or required 

17. List any other information you are submitting or which has been formally requested by this agency: 

I henby ctrafy that xht adotmauoa funusaad on this appiicaoon and any a tuehmens is cue. I u a awa.t 
chat faist swtarin; is a crsst in this Staxa. I am cognizant that providing falsi information is a \hoiation under 
ECRA ar.d that I may be penonaiiy liabla fer panaities up to 525,000 par day. 

Sitnamrt 

Joseph S. Klockner 
Date Same (Pnnt er Typtf 3 

Partner 
TitU 

4^ 
vo 
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MASDEN INDUSTRIES 
ECRA Case #85551 

^ S i t e E v a l u a t i o n S u b m i t t a l 

APPENDIX 1 

9 . SITE MAP 

The o v e r a l l p r o p e r t y i s shown in F i g u r e 1, P r o p e r t y Map. 

L o c a t i o n s where hazardous s u b s t a n c e s a r e s t o r e d a r e shown in 
F i g u r e 2 , Masden I n d u s t r i e s S i t e P l a n . 

10 . DETAILED DESCRIPTION OF OPERATIONS AND PROCESSES 

Masden I n d u s t r i e s m a n u f a c t u r e s C h r i s t i n a s t r e e l i g h t s and 
s p e c i a l i z e d b a t t e r i e s and fu se s in i t s 9600 sq f t p o r t i o n of 
t h e K l o c k n e r & K l o c k n e r b u i l d i n g . The f i r m a l s o u s e s t h e 
a d j a c e n t ou tdoor paved a r e a for s t o r a g e and p a r k i n g . 

T h r e e u n d e r g r o u n d f u e l o i l t a n k s a r e a l s o i n c l u d e d u n d e r 
t h i s S i t e E v a l u a t i o n S u b m i t t a l f o r t h e Masden I n d u s t r i e s 
i n d u s t r i a l e s t a b l i s h m e n t . 

F o r p u r p o s e s of t h i s d e t a i l e d d e s c r i p t i o n , M a s d e n ' i 
o p e r a t i o n s a r e a s s i g n e d a r e a number s a s shown on t h e S i t e 
P l a n , F i g u r e 2. The o p e r a t i o n s c o n d u c t e d i n e a c h a r e a a r e 

, d e s c r i b e d as f o l l o w s : 
.J 

Area 1, G r a p h i t e M a c h i n i n g . O p e r a t i o n s a r e d r i l l i n g 
and m a c h i n i n g of g r a p h i t e fo rms t h a t a r e s h i p p e d i n a s raw 
m a t e r i a l s . T h e r e a r e no l i q u i d p r o c e s s s t r e a m s o r f l o o r 
d r a i n s . 

Area 2, G l a s s Powder P r e s s i n g . O p e r a t i o n s a r e p r e s s i n g 
g l a s s powder i n t o p i l l s . T h e r e a r e no l i q u i d p r o c e s s 
s t r e a m s or f l o o r d r a i n s . 

Area 3 , G l a s s P i l l Oven, i s for h e a t i n g g l a s s p i l l s t o 
f u s e t o g e t h e r t h e p r e s s e d p a r t i c l e s . T h e r e a r e no l i q u i d 
p r o c e s s s t r e a m s or f l o o r d r a i n s . 

Area 4 , Mach ine S h o p , i s e q u i p p e d w i t h l a t h e s , d r i l l 
p r e s s e s and m i l l i n g machines t h a t use no l u b r i c a t i n g f l u i d s . 
There a r e no l i q u i d p r o c e s s s t r e a m s or f low d r a i n s . 

Area 5, Wire Forming o p e r a t i o n s a r e forming and c u t t i n g 
w i r e from c o i l s t o form f i l a m e n t s . L u b r i c a t i n g o i l i s 
o c c a s i o n a l l y used. O i l d r i p s a s may i n f r e q u e n t l y occur a r e 
c l e a n e d up w i t h hand w i p e s t h a t a r e d i s p o s e d of a s s o l i d ^ 
w a s t e . M e t h a n o l i s o c c a s i o n a l l y u s e d f o r c l e a n i n g , ^ 
a p p r o x i m a t e l y one 5 5 - g a l l o n drum p e r y e a r . T h e r e a r e no 
l i q u i d p r o c e s s s t r eams or f l o o r d r a i n s . o 

/ ^ o 
/ 
\ 

\-> 
*>. 

1 to 



B 

Area 6, Heat Treatment & Glass Sea l ing . E l e c t r i c ovens 
a re used to hea t g l a s s in an a tmosphere of N2 or H2f or a 
m ix tu re of N^ and H2. There a r e no l i q u i d p r o c e s s s t r eams 
oc f loor d r a i n s . 

Area 7, Tube F i l l i n g . G l a s s tubes a re f i l l e d with 
methylene c h l o r i d e , sugar and sodium metaphosphate. There 
a re no l i q u i d waste s t r e a m s or f l o o r d r a i n s . O c c a s i o n a l 
d r i p s a r e c l e a n e d up wi th hand wipes t h a t a r e d i s p o s e d of as 
s o l i d w a s t e . One to two 5 5 - g a l l o n drums of me thy lene 
ch lo r ide are maintained in t h i s a r e a . 

Area 8, Bulb Sea l ing . Light bulbs are f inished by heat 
s e a l i n g us ing propane and oxygen b u r n e r s . One 5 5 - g a l l o n 
drum of t r i c h l o r e t h y l e n e i s ma in t a ined in t h i s a rea for 
c leaning the f inished bu lbs . Occasional d r ips are cleaned 
up wi th hand wipes t h a t a r e d i s p o s e d of as s o l i d was t e . 
There are no floor d r a i n s . 

Area 9, G l a s s Ampules. A g l a s s working machine u se s 
propane, H2 and oxygen to form ampules tha t are f i l l e d with 
f l u o r o b o r i c ac id as a b a t t e r y e l e c t r o l y t e . One 5 - g a l l o n 
c o n t a i n e r of ac id i s m a i n t a i n e d in t h i s a r e a . O c c a s i o n a l 
d r i p s a r e c l e a n e d up wi th hand wipes t h a t a r e d i sposed of as 
s o l i d waste. There are no l i q u i d waste streams and no f l o o | 
d r a i n s . 

Area 10, Shipping and R e c e i v i n g . There are no l i qu id 
wastes or floor d ra ins in t h i s a r e a . 

Area 11 , Q u a l i t y C o n t r o l . One 2 - g a l l o n conta iner of 
l imonene i s m a i n t a i n e d as a r e f r a c t i v e index s t a n d a r d for 
q u a l i t y c o n t r o l . Occasional d r i p s are cleaned up with hand 
wipes t h a t a r e d i s p o s e d of as s o l i d was t e . There a r e no 
l iquid wastes or f loor d r a i n s . 

Area 12, Office. There are no process waste streams or 
floor d ra ins in t h i s a r e a . 
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MASDEN INDUSTRIES 
ECRA Case #85551 

"~̂  Site Evaluation Submittal 

11. STORAGE FACILITIES DESCRIPTIONS 

A. Descriptions 

Raw materials and cleaning chemicals are stored indoors, at 
the production areas where the materials are used, as 
described in Section 10. 

Empty drums, for return to the chemical suppliers, are 
stored in a portion of the outdoor paved area north and east 
of the building. The empty drum storage location is shown 
on the Site Plan, Figure 2. No more than 4 to 6 empty drums 
are allowed to accumulate on site. 

General storage of used equipment is maintained in the paved 
outdoor area east of the building occupied by Masden 
Industries. This area is shown on the Site Plan, Figure 2. 

Three underground #2 fuel oil storage tanks are part of the 
building's owner maintained central heating system tha| 
services other tenants, as well as Masden. As no siti 
evaluation submittal is required for the central heating 
system, the oil storage tanks descriptions are presented 
here, in the submittal for Masden Industries. The tanks are 
as follows: 

Tank No. 1 Tank No. 2 Tank No. 3 

Product Stored #2 Oil #2 Oil #2 Oil 

Capacity, gallons 1,000 5,000 1,000 

Tank Construction Steel Steel Steel 

Age Undetermined Undetermined Undetermined 

Tank Top to Grade 24" 24" 24" 

Locations of the underground oil storage tanks are shown in 
Figure 2, Site Plan. 

B. Underground Tank Tests 

The three underground oil storage tanks were tested on 
April 23, 1985, by Tank & Line Compliance using the Petro-
Tite method whereby a hydrostatic head is applied to a full 
tank and indicated leakage is determined from change in 

•^ liquid level in the hydrostatic column. 
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Repair work consisting of replacement of a gasket on Tank #2 
and piping repair at Tank #3 were performed. These tanks 
were retested by Fairfield Maintenance, Inc., on May 10, 
1985, using the Petro-Tite method. Tank #3 was found to be 
tight and Tank #2 to have a possible leakage in excess of 
the National Fire Protection Association, Stardard 329. 

Test report summaries by Tank & Line Compliance and by 
Fairfield Maintenance, Inc., are included under Section 16, 
hereinafter. 

w 

;J o 
o 
toi 

vo 



^ 

MASDEN INDUSTRIES 
ECRA Case #85551 

Site Evaluation Submittal 

1 2 . INVENTORY OF HAZARDOUS SUBSTANCES 

See ECRA-2 Form. 
1 3 . DETAILED DESCRIPTION OF SPILLS OR DISCHARGES OF HAZARDOUS 

SUBSTANCES OR WASTES 

The o n l y known o r s u s p e c t e d s p i l l s o r d i s c h a r g e s a r e 
a s s o c i a t e d w i t h t h e u n d e r g r o u n d s t o r a g e t a n k s f o r No. 2 f u e l 
o i l . 

Tank #1 h a s been t e s t e d and found t o be t i g h t in a c c o r d a n c e 
w i t h NFPA S t a n d a r d 3 2 9 . H o w e v e r , t h e r e h a s b e e n e v i d e n t 
s p i l l a g e of o i l due t o o v e r f i l l i n g t h e t a n k , p r o b a b l y o v e r a 
number of y e a r s . 

Tank #2 h a s b e e n i n a c t i v e , b u t f u l l f o r f o u r y e a r s s i n c e t h e 
main b o i l e r was c o n v e r t e d t o u s e g a s . T h e r e h a s n o t been a 
s i g n i f i c a n t l o s s o f o i l f r o m t h e t a n k i n t h e f o u r y e a r s t h a t 
i t h a s been i n a c t i v e . However , t h e t a n k t e s t s p e r f o r m e d i n 
A p r i l and May 1985 i n d i c a t e p o s s i b l e l e a k a g e . I 

Tank #3 was f o u n d t o h a v e p o s s i b i l i t y f o r l e a k a g e when 
t e s t e d i n A p r i l 1 9 8 5 . A f t e r r e p a i r s t o p i p i n g c o n n e c t i o n s 
w e r e made t h e t a n k was t e s t e d i n May 1 9 8 5 a n d f o u n d t o b e 
t i g h t . 

L o c a t i o n s of t h e u n d e r g r o u n d t a n k s a r e shown i n F i g u r e 2 . 
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i EXECUTIVE SUMMARY 

i 
This report presents the results of sampling at the Klockner and 

I Klockner property located at the northeast corner of the 

intersection of Stickle Avenue and Elm Street in the Borough of 

' Rockaway, Morris County, New Jersey. Sampling activities in 

a conformance with ECRA were xindertaken in accordance with the 
I 

Revised Sampling Plan dated November 1986, prepared by Moretrench 
I Environmental Services, Inc. (MES) and approved by NJDEP. 

I The purpose of the sampling activities was to evaluate the 

I groundwater quality and to determine the integrity of an on-site 

storm water conveyance system. 

Six monitoring wells were installed on-site. Three wells were 

shallow, installed to a depth of about 20 to 25 feet deep. Three 

deeper wells were installed below a silt/clay layer, and screened 

in the upper 10 feet of the lower aquifer zones. 

i 
I 
I 

Two rounds of groundwater sampling were conducted. The first 

sampling was performed on the six on-site wells, during the 

period of 6/30/87 through 7/2/87. The second round of sampling 

was performed during the period of 8/7/87 through 8/10/87. 

Included in this round were two off-site NJDEP wells, SAI-5 and 

SAI-7,. which are upgradient and downgradient, respectively, of w 

the Klockner and. Klockner site. o 
o 
to 
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i 
i 
i 

The analytical-results from the tworovinds of samplings indicate 

that elevated levels of volatile organic compounds are present in 

both the shallow and deeper groundwater zones beneath the site. 

During- the course of monitoring well installation a fifth 

underground tank was discovered. This tank was. removed and was 

found to be in good condition. Post-excavation seunpling verified 

that the soils below the tank were clean. 

The integrity of the catch basin system was tested and was found 

to be leaking. Removal and cleanup of soils associated with the 

storm water conveyance system will be addressed in the site 

Cleanup Plan to be prepared. 

Since this site is also included in a CERCLA (Superfund) 

investigation, a meeting between all concerned parties to discuss 

how the site groundwater contamination should be addressed under 

a Cleanup Plan is proposed. 
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SAMPLING ACTIVITIES 
I 
i • 
i 

I 
I 
I 

11 

INTRODUCTION 

Moretrench Environmental Services (MES) has been retained by 

Klockner and Klockner, Inc., to undertake the administrative and 

technical tasks associated with compliance with the Environmental 

Cleanup Responsibility Act (ECRA) at the Klockner and Klockner 

property located at the northeast corner of Stickle Avenue and 

Elm Street, Rockaway Borough, Morris County, New Jersey. 

Ground/Water Technology, Inc. (G/WT) which had prepared all past 

technical documents associated with this ECRA case is an 

affiliate company of MES. The location of the site is shown on 

Figure 1. 

Klockner and Klockner is owner and landlord of the property. The 

site has been separated into two ECRA cases according to current 

tenants: Masden Industries, Multiform Metals Division (ECRA Case 

185551), the subject of the revised sampling plan, and Service 

Metal Fabricating (ECRA Case #85552). 

Service Metal Fabricating was inspected on 12/23/85. A letter 

was received from NJDEP dated 1/6/86 authorizing submittal of a 

Negative Declaration for this companyo A Negative Declaration 

has not yet been submitted since transfer of the property is 

contingent upon an approved Cleanup Plain for the remainder of the 

site. 

F.D. #64/KLOCKNER.110 3 
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The original sampling plan for Masden Industries was prepared as 

part of the Site Evaluation Submission, dated 11/11/85. The 

original plan was revised on 12/3/85, after receipt of comments 

il from NJDEP-ISEE in a letter dated 11/21/85. That sampling plan 

was implemented and four underground.storage tanks (tcmks #1, #2, 

*3, and 14) were removed. Contaminated soils associated with 

those tanks were excavated and disposed of and post excavation 

samples were collected to verify that soils remaining in place 

were within acceptable cleanup guidelines. Results of the 

implementation of the 12/3/85 sampling plan were presented in a 

Revised Sampling Plan dated November 1986. 

I 
I 
I 
I 
i 
i 

% 

i 
i 

% 

The purpose of that revised sampling plan was to 1) present 

G/WT's technical approach to investigate the potential for 

groundwater contamination resulting from the volatile organics 

found present in tank #4, and 2) to investigate the potential for 

site contamination resulting from petroleum hydrocaxbons and 

volatile organics found in an on-site storm water catch basin". 

The Revised Sampling Plan of November 1986 was approved with 

conditions by NJDEP by letter dated March 5, 1987. This report 

summarizes the sampling results from these investigation 

activities. 

Activities were performed in three areas of concern: 

: o . Groundwater quality % 

• o. Catch Basin/Storm Water Conveyance System 

o Tank #5 (found during monitoring well installation) 
o 
to 

Ul 

o 
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I 
^ Because the site is also included in a CERCLA investigation, a 

ll meeting between all concerned parties to discuss groundwater 

cleanup requirements prior to preparation of a cleainup plan for 

^ submittal is necessary. 

i 
i 
i 
i 
i 
i 

ri 
ri 

GROUNDWATER QUALITY 

WELL INSTALLATION 

Six monitoring wells were installed to investigate groundwater 

quality and flow direction. Well locations were approved by the 

NJDEP case geologist, Mr. Ted Hayes during a site visit. The 

locations of wells MWID and MW3S were changed from the November 

1986 sampling plan to correspond with locations chosen by Mr. 

Hayes. 

The three shallow wells extend down to the top of a 10-15 foot 

thick silty clay/clayey silt layer which was found to be between 

• 20 to 25 feet deep and was continuous over the area bounded by 

the site monitoring wells. The shallow wells were constructed of 

" 4-inch diameter, threaded flush-joint PVC with 15 feet of 

J 0.010-inch slotted screen. Soil samples were collected from the 

shallow wells on 5-foot centers to determine stratigraphy and 

ffi select screened intervals. 

4-inch PVC. A ten foot section of. 0,010-inch slotted screen was 

F.D. #64/KLOCKNER.110 6 
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The three deep wells were installed to a depth of ten feet below 
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the bottom of the silt/clay layer. They were also constructed of to 
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™ placed below the bottom of the silt/clay layer. Soil samples 

^ ^ ^ were collected on 5 foot-depth increments from wells MWID and 

MW3D and on a continuous basis from well MW2D to determine 

H stratigraphy and select screened intervals. 

~i 

i 

4 
il* 

All six wells were filtered with a uniform medium sand to 

approximately 2 feet above top of screen. A bentonite pellet 

seal was then placed on top of filter sand and the remainder of 

the hole was grouted with a bentonite-cement grout to ground 

surface. The top of the wells are protected with a locking steel 

casing. Where wells were installed in traffic areas the surface 

protection was placed flush with ground siirface. Monitoring well 

details are shown on Figures 2,3,4, and 5. Logs of each 

monitoring well and well completion reports are attached as 

Appendix A. Reference elevations and well locations were surveyed 

by Donald H. Stires Associates of Somerville, New Jersey. Their 

report is also included in Appendix A. 

Drilling fluids generated during well installation were collected 

and shipped to the Parsippany/Troy Hills Waste Water Treatment 

Plant for disposal. Drill cuttings were placed into drums. 

Samples were analyzed for EP Toxicity and all test results were 

reported as "undetected". The drill cuttings were disposed 

offsite. 

ft? 

o o 
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i Copies of the analytical testing results on the drill fluids and 

drill cuttings are attached as Appendix B. 

i 

i 

i 

t 
i 

i 

i 

i 

i 

i 
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m 
GROUNDWATER SAMPLING 

The first round of groundwater samples were collected from the 

six on-site wells during the period of 6/30/87 through 7/2/87. 

After water levels were recorded, three well volumes were then 

purged from each of the wells using a stainless steel submersible 

pump. A laboratory cleaned dedicated bailer was used to collect 

the sample from each well for analyses. Measurements of pH, 

specific conductance, and temperature were recorded in the field. 

The samples from all six wells were sent to ICM Laboratory in 

Randolph, New Jersey for analyses. ICM is a certified NJDEP 

Laboratory (IDil4116). 

Based on the detection of volatile organic compounds in both the 

shallow and deep wells on site during the first round of 

sampling, a request was made for access to NJDEP monitoring 

wells, SAI-5 euid SAI-7, during the second sampling round. SAI-5 

is located upgradient and SAI-7 downgradient of the Klockner and f 

Klockner property. ,; 

^ 
The second roxind of sampling took place on 8/7/87 and 8/10/87. 

Sampling of the two NJDEP wells was performed first. Mr. Bob ^ 

Gallagher of NJDEP was on site to provide access to those wells ° 

and monitor the sampling procedures. Due to difficulty in 

» removing the cap from well SAI-7, the outer protective casing and 

N3 
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the threaded stainless steel cap had to be cut off with a torch 

to provide access to the well. The outer casing was welded 

together after sampling and the well was supplied with a plastic 

well seal replacing the threaded stainless steel cap. As a 

result of the delay in sampling well SAI-7, the sampling of the 

remaining wells was not completed until 8/10/87. The samples 

were sent to ICM Laboratory in Randolph, New Jersey for analyses. 

fl 

•i Catch Basin/Storm Water Conveyance System 

Because volatile organic compounds and petroleum hydrocarbons 

were detected in catch basin sediments during the original 

sampling plan implementation, the potential for possible leakage 

•I from this system causing contamination of soils below was 

investigated. The revised sampling plan proposed testing the 

integrity of the system. In order to perform this integrity 

test, the 15-inch concrete storm sewer was plugged with a 

mechanical packer at the downstream catch basin location. The 

• storm sewer system was then filled with water and the level below 

the surface was measured. All water had leaked out of the system 

by the following morning (about 17 hours later). i 
i 

No ftirther actions regarding the system were undertaken. Cleanup 3 

Qj of soils in this area will be addressed in the site cleanup plan. 

o 
o 
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i Underground Tank ^5 ^ ^ 

I 
I 
i 

n 
i 
ri 
ri 

ri 
ri 
i 

i 

During the course of installation of well MW3S, an undergro\ind 

storage tank was discovered. The 550-gallon capacity tank 

contained about 20 gallons of gasoline. The tank washings and 

gasoline were transported to the E.I. Dupont Chambers Works 

facility in Deepwater, New Jersey for disposal. A copy of the 

manifest supporting this disposal is attached as Appendix C. 

The excavation was screened using an OVA. No contamination was 

detected. Six post excavation soil samples were collected from 

the bottom of the excavation and were sent to ICM laboratory for 

analyses. 

The tank excavation was backfilled with clean fill and the 

monitoring well installation was accomplished. 

w 
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DISCUSSION OF RESULTS 

Groundwater Quality 

Shallow well samples were analyzed for petroleum hydrocarbons., 

volatile organics plus 15 peaks, base/neutral compounds plus 15 

peaks and priority pollutant metals. The deep well samples were 

tested for volatile organics plus 15 peaks only. Prior to 

sampling, a request was made in writing to NJDEP to modify the 

sampling parameters suggested in the sampling plan approval 

letter of March 5, 1987. Approval" was ~gxven"~ta~eXiininate acid-

extractibles plus 10 peaks. Analytical laboratory deliverables 

are attached as Appendix D. The results of the analyses are 

summarized in Tables 1 and IA. 

Analytical laboratory deliverables of the second roxmd of 

sampling are also included in AppendizK D. The results are shown 

on Tables 1 and IA for compaurison with the first roxind results. 

Water table elevations are summarized in Table 2. Water levels 

were not measured during the flrslr: found'of samplihg; ^erefore, 

ij] a second set of water levels were taken on September 29, 1987. 

Water levels Tn'tfie~liirallow upper-aquifer are'onJ tie order* of^;^^ 

U feet higher thamrtiiose in the deeper aquifer. This is explained 

by the presence of a 10-15 foot thick clay layer separating the 

shallow and deep agxiifer zones beneath the site. Groundwater 

w 
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Table 1 
Summary of Groundwater Sampling Results 

Shallow Monitoring Wells 

PARAMETERS 
MWIS 

(6/30/87) (8/7/87) 

VOLATILE ORGANIC COMPOUNDS (ppb) 
Trans-1,2-dichloroe 
Trichloroethylene 
Tetrachloroethylene 

Total 

BASE/NEUTRALS +15 

PRIORITY POLLUTANT 
METALS (ppm) 

Aresenic 
Chromium 
Copper 
Lead 
Zinc 
Nickel 

thylene 

Groundwater 
Standards 

(0.05) 
(0.05) 
(2.0) 
(0.05) 
(5.0) 
None 

130 
230 
N.D. 

382 

N.D. 

0.007 
0.009 
0.04 
0.023 
0.09 
N.D. 

43 
78 
N.D. 

121 

* 

N.D. 
0.014 
0.012 
0.015 
0.07 
0.011 

MW2S MW3S 
(6/30/87) (8/7/87) (7/2/87) (8/7/87) 

97 
280 
28 

405 

* 

N.D. 
10 
50 

60 

N.D. 

N.D. 
15 
82 

97 

* 

0.014 
0.028 
0.07 
0.047 
0.017 
N.D 

N.D. 
0.02 
0.025 
0.025 
0.08 
0.16 

0.014 
0.019 
0.04 
0.019 
0.14 
N.D. 

N.D. 
N.D. 
N.D. 
N.D. 
0.04 
N.D. 

PETROLEUM HYDROCARBONS N.D. N.D. N.D. 

FIELD MEASUREMENTS 

ph 8.8 
Specific Conductance (umhos/cm) 496 
Temperature (•C) 11.3 

* 
* 
* 

8.8 
193 
17 

* 
* 
* 

* * 

A * 

* * 

* Parameter Not Tested for 
N.p. Not detected 
** Identified but below detection limit 

'^ACV^^AH-V^ VVdvxV^l "̂  
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Table IA 
Summary of Groundwater Sampling Results 

Deep Monitoring Vfells 

S3 

O 
O 
ro 

h-s 
Ln 
t-e 
to 

PARAMETERS 

VOLATILE ORGANIC 
COMPOUNDS ( p p b ) 
T r a n s - 1 , 2-dichloroethylene ND 
Trichloroethylene 23 
Tetrachloroethylene ND 

Total 

BASE/NEUTRALS + 15 

PRIORITY POLLUTANT 
METALS (ppm) 

Aresenic 
Chromium 
Copper 
Lead 
Zinc 
Nickel 

23 

* 

Groundwater 
S t a n d a r d s 

(0 .05) * 
(0 .05) • 
(2 .0 ) • 
(0 .05) * 
(5 .0 ) 
None • 

PETROLEUM HYDROCARBONS * 

FIELD MEASUREMENTS 

pH 8.6 
Specific Conductance (umhos/cm) 472 
Tempera tu re ("C) 20 

MWID MW2D MD3D SAI-5 SAI-7 
(6/3Q/87) (8/10/87) (6/30/87) (8/7/87) (7 /1/87) (8/10/87) (8/7/87) (8 /7 /87) 

' Pa r ame te r not tested for 
N . D . Not detected 
*• Identified bu t below detection limit 

ND 
14 
6 

0 

* 

20 
120 
ND 

140 

* 

150 
730 

ND 

880 

* 

ND 
180 
ND 

180 

* • 

ND 
41 
ND 

41 

* 

ND 
ND 
ND 

0 

« 

3** 
170 
ND 

170 

* 

^ s O X l ^ ^ ' ^ 

7.3 
541 
21.8 

8.5 
367 

17.2 

* 
• 

• 

7.6 
575 

17.3 

7.9 
486 

23.9 

8.6 
638 

18.4 

9.4 
365 

17.1 

V n fi4r1inA 



TABLE 2 

SUMMARY OF WATER TABLE ELEVATION DATA 

Well No. 

MWIS 

MWID 

MW2S 

MW2D 

MW3S 

MW3D 

SAI-5 

SAI-6 

SAI-7 

Reference 
Elevation (ft)* 

523.40 

519.30 

525.29 

525.60 

524.71 

525.33 

532.54 

534.09 

526.37 

Water Table Elevation 
Auoust 7, 1987 

510.19 

501.03 

510.46 

500.90 

510.51 

500.81 

501.67 

512.95 

500.95 

Water 
Sepi 

Table Elevation 
:ember 29, 1987 

510.51 

501.63 

510.78 

501.53 

510.80 

501.46 

502.25 

NM 

501.85 

* Reference elevations taken on the north side of the top of the PVC 
riser pipe. 

NM = Not measured 

FD#lsl06/DLK 
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contours of the shallow aquifer are shown on Figures 6 and 

7. Flow direction in the shallow aquifer is to the northwest, 

away from the municipal well field. 

Groundwater contours of the deeper aquifer are shown on Figures 8 

and 9. Flow direction in the deeper zone conforms with water, 

levels measured in the two NJDEP wells and is toward the south. 

The gradient in the deeper aquifer is approximately 0.004 ft/ft. 

Two gro\indwater flow regimes were identified on the basis of 

groundwater contours and stratigraphic data. The shallow system 

flows from a southeast to northwest direction above a 10-15 foot 

- thick clay/silt layer identified during the monitoring well 

installations. Analytical results of groundwater samples 

collected from monitoring wells screened within this flow regime 

indicate that contamination is migrating on-site at levels 

^ 1 ranging from 60-100 ppb, total volatile organics. Elevated 

concentratins of volatile organics in the downgradient shallow 

wells are probably attributable to two on-site sources, namely 

the w£iste oil tank (Tank #4) and catch basin/storm sewer line 

along the northern part of the building. The waste oil tank and 

jH] surrounding soils have been removed and, therefore,, eliminated as 

a future source. Proposed cleanup of the catch basin system and 

effected soils is discussed in the following section. 

w 

o 
o 
to 

The deeper aquifer, which is monitored by MWID, MW2D, MW3D, 

SAI-5, and SAI-7, also shows volatile orgaaie contamination. The 

exception to this is the upgradient NJDEP well, SAI-5, where no "-n 
\ ' • * : • • • . . • • • • - . ' ' . ; • * » 
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I 
volatile organics were detected. Since deep- aquifer 

I contamination is part of the regional problem, it- would- best be 

I 

I 

I 

i 
4 
1 
i 

addressed under CERCLA. 

CATCH BASIV AND STORM WATER CONVEYANCE SYSTEM 

fl Based on the results of the integrity test performed on the catch 

basin system, cleanup of this system and associated contaminated 

soils is proposed and will involve removal and disposal of the 

catch basin/storm sewer line and surrounding effected soils. The 

extent of soil contamination will be determined in the field with 

fl an Organic Vapor Analyzer (OVA) and/or Photovac TIP II and 

confirmed by laboratory analysis of selected soil samples. Upon 

m̂  receipt of negative laboratory results, a new storm water 

conveyance system will be installed. 

Underground Tcmk #5 

Based upon visual inspection, field readings with the OVA and 

confirmed by post excavation sampling, the tank was not leaking. 

No further investigation regeurding tank #5 is proposed. 

Laboratory deliverables are attached as Appendix E. The results 

of the analyses are summarized in Table 3. 
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TABLE 3 

SUMMARY OF POST-EXCAVATION 
SOIL SAMPLING RESULTS 

SaiT 

S-

S-

s-

s-

s 

s 

Die No. 

1 

2 

-3 

-4 

-5 

-6 

Samole Location 

North end of 
base of excavation 
along tank spine 

Center of base 
of excavation 
along tank spine 

West sidewall of 
excavation 

South end of base 
of excavation along 
tank spine 

East sidewall of 
excavation 

Duplicate of S-5 

Sample Depth 

0-1' below 
tank invert. 

0-1' below 
tank invert 

0-1' below 
tank invert 

0-1' below 
tank invert 

0-1' below 
' tank invert 

0-1' below 
tank invert 

Total 
Volatile Organics 
(EPA Method 503.1) 

N . D . 

N . D . 

N.D. 

N . D . 

N . D . 

N . D . 

i 
FD#1:106/DLK 
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RECOMMENDATIONS 

As a result of implementation of the revised sampling plan, 

volatile organic compounds, primarily TCE, were detected in the 

shallow and deep aquifers beneath the Kloclcner property. An 

abbreviated wellpoint recovery system in the vicinity of the 

previous tank #4 and current catch basin system locations is 

suggested to capture and contain the shallow aquifer 

contamination. If necessary, the recovered water will be treated 

prior to disposal. In addition 3 shallow (less than 25-30 feet) 

upgradient borings are recommended to determine the extent of the 

confining clay/silt layer separating the shallow and deep 

aquifers. Currently, there is no indication that there might be 

an upgradient source contributing to the deeper aquifer 

contamination problem. Installation of a deep monitoring well in 

a more upgradient location (near MWIS and the catch basin system) 

is recommended to determine the extent of deep contamination. 

Due to the status of this site being investigated both under ECRA 

and CERCLA a meeting between all concerned psurties is recommended 

to discuss the reqiiirements which will be made for on-site 

cleanup of groundwater. After such meeting a Cleeinup Plan will 

be prepsired. 
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§tatp of ^riu ilrrsrt} 
DEPARTr./:ENT OF ENVIRONMENTAL PROTECTION 

DIVISION OF WASTE MANAGEMENT 

HAZARDOUS SITE MITtQATION ADMINISTRATION 
CN 028. Treraon. NJ. 0662S 

MAHV/AN M SADAT. P.E. •" JOROE H BC HKO'.VITZ. r n O 
OIRECrOR AOMINiSTRATOR 

Mr. Gary Cluen 
Ground/Water Technology, Inc. 0 3 APn 1386 

. 90 Stickle Ave. 
Rockaw»y, NJ 07866 

R£: Masden Industries - Multifom Metals Division 
Stickle Avenue and Elm Street 
Rockavay Boro, Morris County 
ECRA Case #85551 

Dear Mr. Cluen: 

Please be advised that all Bsterlals itemized on the attached list must b& 
legally disposed of or otherwise accounted for. The Department will require 
clear documentation for each Item. If such documentation is not provided It vill 
be assumed that the materials have been Illegally disposed of and appropriate 
enforcement actions vill be Initiated. - ) 

Be further advised that all conditions and deficiencies outlined In the 
Inspection report and In any other correspondence from this office must be 
addressed to the satisfaction of the Department before a Negative Declaration or 
Cleanup Plan can be considered for approval. 

Further questions In this matter should be addressed to Michael Surovlec at 
609-633-7141. 

Si&eerely 

Riehtfrd.J. Xatz, Aasiatant Chief 
Bureau of Induscrial Site Evaluation 

HS15A:kc 
c c : 

.^cCElVED 

APR 71886 

Kew Jeney Is An Equal Opponuntty Employer 
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